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KOHTpakKT Moaenun, gemMo-Mmoaesib, KOHBenepbl Moaynen

e Pa3zpaboTka mogenn N ons nnatdopMsl

e KoHBeMnepbl Moaynen
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PykoBoACTBO Ans pa3paboTymkos mogenen NN: Kak yCTPOEH KOHTPaKT Moaenu ¢ naathopMon n
KakK peasin3oBaTb NpaBuia 4eMOo-NMpoToTmMNa.
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Mogenb Ha nnatdopme ARTEX — 3To pyHKLMA «HabnogeHne - KoMaHoa»:

I BXO[bl 1 —— BbIXOf —
| kamp(bl) Bupeo: BGR, oT kamep po6oTa | | komaHpa: |
| Tenemetpusa: cnosapb JSON + Bpewms | = MOOENb —»| "forward", "stop", ]|
| npusHaku oT 6opToBLIX Mopenei | | .. nan None |
L | L |
SneMeHT dopmaT NcTOoYHUK
Kaap numpy-maccms BGR (nocne MoTok B1nAeo poboTa, akTyasbHbIN
nekogmpoBaHus JPEG) Kanp u3 kawa XAba
TenemeTpus CnoBapb, Hanpumep {"battery": AKTYyaJibHbIl BEKTOP TesieMeTpum C
11.8, "pose": {...}} BPEMEHEM CO3[aHus
KomaHpa CTpoka uaun CTpyKTypa 13 csoBaps OTnpaBnseTca poboTy Yepes XAb oT
KoMaHp poboTa (cm. «[MO ana UMeHn Moaenn

poboTta» - ObpaboTka KOMaHA)

None «Hun4yero He MeHATb» -

TpeboBaHusA K Mogenu:

e PaboTaTb C aKTyaJibHbIMM AaHHbIMU. XABb OTAAET NocaeaHUn Kagp v NocaenHunin
BEKTOP TesieMeTpumn; Moaesib He OO0J/I)KHA PacCYMTbiBaTb Ha MOJlyYeHUe KaXkaoro Kaapa.

e YKNnaabiBaThCA B Ol0a>xeT 3apep>Xku. CyMMapHO «KaMmepa — pelleHne - nNpmBon» —
nopsioka 250 Mc; Ha pelueHne Moaenn PasyMHO 3aknaabiBaTbh He 6bonee 50-100 mc.

e He NnoBTOpATbL OAHY M Ty )Xe KOMaHAy 6e3 HeobOXoAMMOCTU — OTNPaBAATbL KOMaHAY
npu CMeHe peweHunsa (Mam C 4acToTON, KOTOopYlo TpebyeT cTopoxxeBow Tanmep poboTa).

e YyuThbiBaTb NpUOpUTET onepaTtopa. Ecim onepaTop BMeLancs, KoMaHabl MOOENN
WFHOPUPYIOTCA.


https://docs.mephi-ai.ru/books/po-dlia-robota/page/obrabotka-komand

e JlormpoBaTb BXOAbl U peLUeHUA — OHN 0TOoBparkaloTCs onepaTopy B MOHUTOPUHIe
MoZesien n Hy>XHbl onsa pasbopa.
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YcnoBue Komanpa
Hanps>xeHne AKB Huxe 11 B stop
Mopfesnb BUANT KPaCHbIA MPAMOYTO/bHUK stop
Mopenb BuanT 6enblii NPAMOYrosibHUK forward

Mopsook NpoBepkM BaXkeH: 6e3zonacHocTb (AKB) — 3anpewalowmm cCurHan (KpacHbin) -
pa3pewatowunn (benbin).

# policy.py — npaBuna peMo-npoToTuna
import cv2

import numpy as np

BATTERY MIN V = 11.0 # Huxe — «crton»

MIN AREA = 0.02 # MUHMManbHaf O0NA Kappa, 3aHMMaeMas MpPAMOYrOoSibHUKOM

def find rectangle(mask, frame area):

"""True, ecnu Ha OMHApPHOW MacKe eCTb KPYMHbIA YETbIPEXYrONbHUK. """
contours, = cv2.findContours(mask, cv2.RETR EXTERNAL, cv2.CHAIN APPROX SIMPLE)
for ¢ in contours:

if cv2.contourArea(c) < MIN AREA * frame area:

continue
approx = cv2.approxPolyDP(c, 0.04 * cv2.arcLength(c, True), True)
if len(approx) == 4 and cv2.isContourConvex(approx):

return True

return False

def see(frame):
"""Bo3spawaeTt {'white': bool, 'red': bool} pns BGR-kagpa."""
hsv = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)
area = frame.shape[0@] * frame.shape[l]
white = cv2.inRange(hsv, (0, 0, 200), (180, 40, 255))
red = cv2.inRange(hsv, (0, 120, 80), (10, 255, 255)) | \
cv2.inRange(hsv, (170, 120, 80), (180, 255, 255))

kernel = np.ones((5, 5), np.uint8)



white = cv2.morphologyEx(white, cv2.MORPH OPEN, kernel)
red = cv2.morphologyEx(red, cv2.MORPH OPEN, kernel)

return {"white": find rectangle(white, area), "red": find rectangle(red, area)}

def decide(frame, telemetry):
"""TipaBuna pemMo-npoToTuna. Bo3spawaet koMaHay unu None (HMYero He MeHATb)."""
battery = telemetry.get("battery")
if battery is not None and battery < BATTERY MIN V:
return "stop" # 1. paspaxeHa AKB
if frame is None:
return None
seen = see(frame)
if seen["red"]:
return "stop" # 2. KpacHbIi NPAMOYT OSIbHUK
if seen["white"]:
return "forward" # 3. 6enbin NpAMOYrofbHUK

return None

MNpoBepKa Ha CUHTETUYECKUX KaZpaxX:

import numpy as np, cv2

from policy import decide

def frame with(color=None):
f = np.full((480, 640, 3), 60, np.uint8)
if color:

cv2.rectangle(f, (200, 150), (440, 330), color, -1)

return f
assert decide(frame with((255, 255, 255)), {"battery": 12.0}) == "forward"
assert decide(frame with((0, 0, 255)), {"battery": 12.0}) == "stop"
assert decide(frame with(), {"battery": 12.0}) is None
assert decide(frame with( (255, 255, 255)), {"battery": 10.5}) == "stop"

Moporun useTa B HSV 3aBUCAT OT OCBELLEHMSA NOJIMFOHA U KaMepbl — 0TKanmbpynTe nx no
3anmMcaHHbIM Kagpam.
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BMeCTO LBETOBbIX MOPOroB MOXXHO MCMNOJIb30BaTb AeTekTop. Obyynte YOLO Ha Knaccax
white sign M red sign (MK MCNONb3ynTe pe3ynbTaThbl YoloModule M3 KOHBenepa — MopT
yolo.detect ):

from ultralytics import YOLO

model = YOLO("signs.pt") # Beca, oOy4yeHHble Ha 3HaKax MOJIMIOHa
CONF = 0.5

def see yolo(frame):
result = model(frame, verbose=False)[0]
names = {result.names[int(b.cls)] for b in result.boxes if float(b.conf) >= CONF}

return {"white": "white sign" in names, "red": "red sign" in names}
P00 00709077
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CambIn npocTon crnocob 3anyCTUTb 4EMO — BbIMNOJHUTL MOAESb MPSIMO B OCHOBHOM LiMKNe poboTa.
PeweHne mopenn npuMmeHseTca 6e3 ceTeBOM 3af4ep>XKN, a B TesiemeTputo fobaBnaeTcs, 4To
«BUONT» MOOESIb — OnepaTop yBUAMT 3TO B UHTepgence.

import cv2
from artex robot import Robot

from policy import decide, see

robot = Robot({"type": "Robot", "name": "demo-01", "telem can": True, "video can": True})
robot.log.set level("skip TODO")

cam = cv2.VideoCapture(0)

robot["auto"] = False # aBTONUNOT BKJ/YaeTCAa KOMaHOoW auto run

robot["battery"] = 12.0

@robot.com _handler
def on_command(type command, command, author=None):
if command == "auto run":
robot["auto"] = True
elif command == "auto stop":
robot["auto"] = False

apply("stop")



else:
robot["auto"] = False # py4yHas KOMaHOa onepaTopa OTK/IKWYaeT aBTONUAOT

apply(command)

@robot.telemetry("battery")
def battery():

return robot["battery"] # 3p0ecb — 4yTeHune AU

@robot.telemetry("ai")
def ai state(decision, seen):

return {"auto": robot["auto"], "decision": decision, **seen}

@robot.video("rgb")
def send frame(frame):

return frame

@robot.mainloop
def loop(ctx):
battery()
ok, frame = cam.read()
if not ok:
return
send frame(frame)
decision = decide(frame, {"battery": ctx["battery"]})
ai state(decision, see(frame))
if ctx["auto"] and decision and decision != ctx.get("last decision"):
apply(decision)

ctx["last decision"] = decision

def apply(command):
robot.log("INFO", f"BuimonHsio {command}")

# 3pecb — ynpaBneHue Motopamu (cM. «M0 gna poboTta» - «MpuMepbl poboTOB»)

robot.init connector()

robot.start()

KomaHabl auto run / auto stop BBOASATCH B NOJIe KOMaHA Ha CTpaHuue ynpasaeHns poboTom B
Beb-nHTepdence.
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Moaenb ynakoBbiBaeTcs B Docker-obpa3 n 3anyckaeTcs B BbluncantenoHon cpege (Al Runtime).
MnaTtcdopma NOAAET Ha BXOL MOLENM aKTyasibHbIA Kaap U BEKTOp TenemeTpumn BbiIbpaHHOro
poboTa n nepenaét eé KoMaHabl poboTy Yyepe3 XAb. PekoMeHayeMasa CTPyKTypa Moaenm — Knacc
C ABHbIMM MeTohaMW BX04a W BbiIXo4a, HE3aBUCUMbIA OT TpaHCnopTa:

class DemoModel:
name = "demo-rules"

version = "1.0"

def init (self):

self.last = None

def step(self, frame, telemetry):
"""Bpi3piBaeTCa niaTpopMoM Ha Kaxmoe oOHOBMieHME faHHbiX. Bo3BpawaeTr komaHgy wiau None."""
cmd = decide(frame, telemetry)
if cmd == self.last:
return None # He MOBTOPATbL Ty Xe KOMaHOy
self.last = cmd

return cmd

FROM python:3.11-slim

RUN pip install --no-cache-dir opencv-python-headless numpy
WORKDIR /model

COPY policy.py model.py ./

CMD ["python", "model.py"]

MporpaMMHbIA MHTEPGENC NOAKNIOYEHNSA BHELIHNX Moaenen K XAby (MeToabl get / push
obuwen namatu, WebSocket/WebRTC-kaHanbl) GOpMUPYETCS Ha 3Tamne npoToTuna «Anbda».
Peannsymnte Nnornky Moaenn Kak He3aBUCUMbIA KNacC, Kak B NpuMepe Bbille, — Toraa
nepeHoC Ha NTOroBbIN TPaHCNOPT CBEAETCA K HeBONbLIOMY aganTepy.
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Ons TunoBbiX 3agad (oetekumsa YOLO) mogenb NoAK/IOYaETCA Kak MO4yJ/lb B BU3Ya/lbHOM

penakTope 6e3 nporpamMmMmnupoBaHna — cM. KoHBenepbl Mogynen.



https://docs.mephi-ai.ru/books/upravlenie-robotami-s-pomoshhiu-ii/page/konveiery-modulei
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[l Mognenb nposBepeHa Ha 3anncaHHbIX OAaHHbIX NOJNIoHa (Kaapbl + TeneMeTpus).
[l Bpems pelleHns ykiaabiBaeTcs B 6l00)KeT (3amMepbTe Ha LenesoM obopyaoBaHun).

[ ] Mpwn oTCcyTCcTBUM Kagpa Uan TeneMeTpun Moaesb Bo3BpallaeT 6e3omnacHoe pelleHune (

None wan stop ).
[] KomaHAbl MoOenn COOTBETCTBYIOT C/IOBApto KoMaHa poboTa.
[ ] MpoBepeHo, 4TO BMeLIATENLCTBO ONepaTopa NnepekpbIBaeT Moaesb.

[1 NoruposaHune BXOO0B U PELUEHWNN BKHOYEHO.
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Jlornka o6paboTkn AaHHbIX Ha cepBepe cobupaeTca B BU3yaslbHOM pefakTope Moaynen: Moayan
nepeTackuBalTca Ha paboyee none, Ux NOPTbl COEAMHSOTCA AMHUAMK. ONnCaHNe caMux Moaynen

N UX NOPTOB — Ha CTpaHuLe Beb-nHTepdenc ynpasaeHns poboTaMu; 34ecb — roTOBblIE CXEMbI

coegnHeHnda onad TUMNoBbIX 3a4dau.
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e [laHHbIe NAYT OT BbIXOAA OOHOIO MOLY/NS KO BXOAY APYroro; COeguHATCS NopThl
oaHoro Tuna ( robot.video — robot.video ).

e OOVH BbIXO4 MOXKHO COeANHUTb C HECKOJIbKUMN BXO4aMX — Harnpumep, BUAEO
OLHOBpeMeHHO naéT B nHTepdenc n B YOLO.

e I3MeHeHns KoHBeNepa NpumeHstTca 6e3 nepesanycka cepsepa (hot reload).

e 1na oTnagku nogkntodnte ConsoleLogModule kK nHTepecytoeMy nopTy — BCE AaHHbIE
OyayT BbiBEeAEHbl B KOHCOJIb CepBepa.

S N A i |
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OnepaTop BUAUT BUAEO N TenemeTputo poboTa 1 ynpasnseT um.

robot.video

ClientIOModule
(Web UI)

RobotWSModule

robot.telemetry

>

robot.connected

[
> |

»

»

robot.disconnected

>

< |
|

robot.command


https://docs.mephi-ai.ru/books/upravlenie-robotami-s-pomoshhiu-ii/page/veb-interfeis-upravleniia-robotami
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OnepaTop ynpasBaseT BpyyHyto, a YOLO noaceevymBaeT HaeHHbIe 00 bEeKTHI.

robot.video ——————— Yyolo.detect

|
| » | YoloModule | > |

]
|

RobotWSModule | 1 ClientIOModule |
|

|

>

|
|

| | robot.video, robot.telemetry, connected ...
| |

| |

<

robot.command
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KOHBe|7|ep MOJIHOTO aBTOHOMHOIO KOHTYpPa: 3axXBaT — OEeTeKUNA = TPEKNHI — pelleHne —
KOMaHOa, C 1I0ornpoBaHnNeEM.

3axBaT Bupgeo —» fetekums (YOLO) —» TpekuHr obbekToB —» [puHATME peweHus —» KoMaHma yCTPOWCTBY
(RobotWSModule) (YoloModule) | (robot.command)
L—» Jlornposanue (S3 + DB)

3anyck 1 0OCTaHOBKa aBTOMaTUYECKOrro yrpaB/ieHN — KOMaHA4aMKn auto run / auto stop W3 Noss
BBOJa KOMaH[ Ha cTpaHuue poboTa. OnepaTtop B 060N MOMEHT MOXET Ha)KaTb «CTomn».
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Onsa cbopa AaHHbIX K UCTOYHUKY BUOEO U TENEMETPUN MOAK/IOYAETCA MOOYb 3annucu
(VideoRecordModule). 3anncb BKAOYaeTCA KOMaHOOW video start record WM OCTaHaBJIMBAETCS
KOMaHOO0WN video stop record .

| ] robot.video 1

| RobotWSModule | ———— | VideoRecordModule | —» ¢aitn / S3

| | robot.video, robot.telemetry ——» ClientIOModule
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Mpo6nema MNMpoBepka

B nHTepdence HeT Buaeo CoeanHEH N1 robot.video mcto4vyHmka c ClientlOModule?
MogknoymnTe ConsoleLogModule K robot.video

YOLO He BbIOaéT pe3ynbTaToB NpéT nn Bupeo Ha Bxon YoloModule; ecTb M 06beKThI
M3BECTHbIX MOOESIN KJ1acCoB

KomaHpabl He noxonaTt oo poboTa CoeaunHEéH N robot.command ClientlOModule c
RobotWSModule; nony4mnn nn poboT Ready

Bbicokas 3apepxka He noaKMo4YeHO NN C/INLLKOM MHOTMO TSXXENbIX MOAy el K
OOHOMY MOTOKY; 3arpy3ka GPU B MOHUTOpPUHre



