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BBenenue

Cucrema paspaborana xommanueid OOO “PoanAP” nnst pacno3HaBaHMsl M aHaiuu3a
Pa3IMYHBIX CUTYaLMH HA JOpOTe.

Cuctema nonaepKUBaeT MEXaHU3Mbl B3aMMOJIEHCTBHSI CO CTOPOHHUMH MH(POPMALMOHHBIMU
cucremamu. [locpenctBom Bbei3oBa API mocraBisiemold OMOMMOTEKH. A TakXKe TEKylIas BEpCHs
CHCTEMBI TIpeaIoiaraeT BbIOOP W peaNu3alui0 KOHKPETHOTO MEXaHW3Ma B3aMMOJCHCTBUA C

BHCIIHMMH CUCTCEMAMU I10 COITTaCOBAHUIO C 3aKa3YHUKaMU.




1 HazHaueHue U yCJIOBUSI IPUMEHEHHUS CHCTEMbI
1.1 HazHadyeHune cuCTEMBbI

O06paboTka n300pakeHUi Ui BBISIBICHHUS U (UKcanuu (akTa MOSBICHHUS MTOCTOPOHHETO
HETIOIBI)XKHOTO TIpenMeTa (BBIMABIINI/OCTABICHHBIH MPEAMET) Ha TIOJ0CE MBIKCHHS H/WIH
HaO0II01aEMOI1 30HE.

1.2 ba3oBblil pyHKIHOHAJ

- 00paboTKa U300paxeHuil;
- BbISIBIEHHE M (uKcanus (akra MOABICHHUS IOCTOPOHHETO HEMOABMKHOIO NpeaMeTa
(BBIMABIIMI/OCTaBICHHBIN MPEIMET) HA MOJIOCE ABMXKEHUS W/WIIHM HAOII01aeMoil 30He;

- MH(POPMALIMOHHBIA OOMEH C BHEITHUMH CUCTEMaMH.
1.3 ®yHKUMOHATbHBIE XaPAKTEPUCTUKH:

Teky1ast Bepcusi CHCTEMBI T03BOJISIET peIlaTh 3aady IO PaCO3HABAHUIO COOBITHS “‘BBIMABIIMI
rpy3” - MOSIBIIEHUE HEMOABI)KHOTO 00BEKTa Ha T0JI0CE JIBMKEHUSI U/UTU HaOII0jaeMo 30HE.

1.4 IIporpamMHoOe o0ecrieyeHne pado4ero Mecra

bubnmuorexka MoxkeT OBITH BCTPOEHA B NPOrPaMMHOE OO€CHeueHHE, YCTAHOBJIEHHOE Ha
pabouem MecTe nosib3oBaressd. B 3ToM citydae KIMeHTCKasi 4aCTh CHCTEMbl MOXKET UCIOIb30BaThCS
Ha J000M paboyeM MecTe, MMEIOLIeM TOAKIIoUeHHE K ceTH Internet (MM ceTH mepenadn TaHHBIX
npennpusitus). Pazpemaromas cnocoOHOCTh BHAEOCUCTEMBI U MOHUTOpa — He Huke 1280x1024.
Pexomenyercst iupoko(opMaTHbIE MOHUTODP.

Bun I1O ITporpaMMHBII1 IPOAYKT

OC (nmpuBeeHBI BAPUAHTHI) Windows 10
Linux (Ubuntu, Debian, Anst, ROSA, UBLinux, ICLinux).

Tabnuya 1. Cucmemmuvie mpebosanus

JlaHHbIC TpeOOBaHHS MOTYT MEHSITHCS B 3aBHCHMOCTH OT OCOOCHHOCTEW MPOTrpaMMHOIO
o0ecreYeHus1, KOTOpOe UCIOIb3YET OMOIMOTEKY CUCTEMBI .




1.5 Buasl mojan3oBaresiei

ITonp3oBaTeneM CUCTEMBI SBISETCS MOJIb30BaTENNb MPOrPAMMHOI0 00eCHeyeH s, B KOTOPOe
BCTpauBaeTcs OuOmuorexa cucrembl . OnucaHue JOCTYNMHBIX BO3MOKHOcTeH API BeimomHsieTcs
IUIs TIOJIb30BaTeNs, 00IaJar0Iero MaKCMMalIbHO BO3SMOXKHBIMU IIPaBaMU 110 IOCTYILy K IPOrpaMMe.

1.6 Onucanue cucTeMabl

API Cucremsl Hantncano Ha C++.

~ src/core/modules/analytic_specific_params.hpp:

namespace an::core {
/*!
* \brief O61as cTpykTypa Ui XpaHeHUs1 OOIIUX [TapaMeTpoB s JOPOKHBIX aHATUTHK
*/
struct RoadAnalyticParams {
RoadAnalyticParams() = default;
/**
*\brief KoncTpykTop ¢ mapamerpamu
* \param [in] grnd yka3arenp Ha KJIacC IS TPOSKIIUH OOBEKTOB Ha JJOPOTY
* \param [in] roadLanes MHO>k€CTBO TOJIOC, IOJAHHBIX HA BXOJl AHAITMTUKE
* BBINIABIIMX TPY30B
*/
RoadAnalyticParams(std::shared ptr<GroundCalibration> &grnd,
std::vector<RoadLane> lanes)
: ground(grnd), roadLanes(std::move(lanes)) {
spdlog::info("Road lanes count for road analytic: {}", roadLanes.size());

}

/Il Conversion API -> Core
explicit RoadAnalyticParams(const an::RoadAnalyticParams &params) {
std::transform(params.roadLanes.begin(),
params.roadLanes.end(),
std::back inserter(roadLanes),
[](const an::RoadLane &rl) { return RoadLane(rl); });

bool operator==(const RoadAnalyticParams &other) const {
bool eqGround = ground == other.ground




|| (ground && other.ground && *ground == *other.ground);
return eqGround && roadLanes == other.roadLanes;

}

/// yxa3zarenb Ui IpOeIMPOBaHUS OOBEKTOB Ha JOPOTY (Yepe3 KaauOpoBOYHYIO
/Il MaTpuiry)

std::shared ptr<GroundCalibration> ground;

/// MHOX€ECTBO TIOJIOC JOPOTH

std::vector<RoadLane> roadLanes;

}s

/%!
*\brief CtpykTypa Uil XpaHEHUs TapaMeTPOB aHAIUTUKY "BrimaBmmii rpy3"
*/
struct LostCargoAnalyticParams : RoadAnalyticParams {
/**
* \brief KonctpyxkTop ¢ mapamerpamu
* \param [in] roadParams o061ue napamMeTpsl Juist JOPOKHOM aHATUTUKU
* \param [in] minCargoSize MUHUMAJIbHBIN pa3Mep rpy3a Ajsl CO3AaHus COOBITHUS
* 0OHapyKEeHUS BBITIABIIIETO IPy3a
*/
LostCargoAnalyticParams(RoadAnalyticParams roadParams,
float minConfidence,
float minCargoWidth,
float maxCargoWidth,
float minCargoHeight,
float maxCargoHeight)
: RoadAnalyticParams(std::move(roadParams)),
minConfidence(minConfidence),
minCargoWidth(minCargoWidth),
maxCargoWidth(maxCargoWidth),
minCargoHeight(minCargoHeight),
maxCargoHeight(maxCargoHeight) {}

/Il Conversion API -> Core
explicit LostCargoAnalyticParams(const an::LostCargoAnalyticParams &params)
: RoadAnalyticParams(params),
minConfidence(params.minConfidence),
minCargoWidth(params.minCargoWidth),




maxCargoWidth(params.maxCargoWidth),
minCargoHeight(params.minCargoHeight),
maxCargoHeight(params.maxCargoHeight) {}

bool operator==(const LostCargoAnalyticParams &other) const {
if ('RoadAnalyticParams::operator==(other))
return false;

return minConfidence == other.minConfidence
&& minCargoWidth == other.minCargoWidth
& & maxCargoWidth == other.maxCargoWidth
&& minCargoHeight == other.minCargoHeight
&& maxCargoHeight == other.maxCargoHeight;

float minConfidence;

float minCargoWidth;
float maxCargoWidth;

float minCargoHeight;
float maxCargoHeight;
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~ src/core/modules/lost_cargo/cargo_analytic_controller.hpp:
#pragma once
#include "common/platform.hpp"
#include "modules/analytic_controller.hpp"
namespace an { namespace core {
/**
* \brief KonTposep ams paboThl aHaTUTUKY BBINIABIIETO TPy3a

*/
class LostCargo : public AnalyticController {




public:

explicit LostCargo(an::core::FrameQueue inputQueue,
an::core::FrameQueue outputQueue,
AnalyticEventQueue analyticEventQueue,
std::shared ptr<InferenceEngine::Core> &ie,
std::string xmlPath);

~LostCargo() override;
AnalyticType getControllerAnalyticType() const override;
void updateGroundCalibration(

const std::string &streamld,
const std::shared ptr<GroundCalibration> &groundCalibration);

protected:

}s

std::unique ptr<Analytic> makeSpecificAnalytic(
const AnalyticSpecificParams &params) override;

/// oOBexT uHbpEepeHca I KiaccupukaTopa
std::shared ptr<InferenceEngine::Core> ie_;
/// myTh 10 HeHpoceTH Kiaccudukaropa rpysa
std::string netPath_;

}} // namespace an::core

~ src/core/modules/lost_cargo/cargo_analytic.hpp

#pragma once

#include "cargo detector.hpp"

#include "ground/ground projection.hpp"

#include "modules/analytic.hpp"

#include "modules/analytic_specific_params.hpp"

#include "nn/openvino/classifier.hpp"

#include "utils/prob_compute.hpp"

namespace an { namespace core {




struct CargoCandidate {

}s

CargoDetect detect;

cv::Rect2f checkRect;

cv::Rect2f largeCheckRect;

cv::Mat grayTemplate;

int templateUpdateCount = 0;
std::vector<cv::Mat> historylmages;
std::vector<cv::Mat> historyLargelmages;

uint64 t checkFrameNum = 0;
int successCheck = 0;

int failCheck = 0;

ProbCompute probCalc;
bool forceGenerate = false;

std::string uuid;

struct CargoHistoryMat {

}s

cv::Mat img;
double time;
DetectedObjects detections;

class LostCargoAnalytic : public Analytic {

public:

LostCargoAnalytic(std::string analyticID,
AnalyticEventQueue eventQueue,
bool needSavePreview,
const LostCargoAnalyticParams &params,
std::shared ptr<InferenceEngine::Core> &engine,
std::string &xmlPath);

void processFrame(const an::core::pFrame &) override;
void updateGroundCalibration(

const std::shared ptr<an::core::GroundCalibration> &);

void finishAllCargo();




cv::Mat getLastBackgroundChange();

private:
std::mutex mutex_;
CargoDetector detector_;
std::vector<RoadLane> lanes_;
std::vector<DetectedObjects> detectHistory ;
std::vector<CargoCandidate> watchlist _;
std::vector<CargoCandidate> checklist ;
std::unordered map<std::string, std::shared ptr<AnalyticEvent>>
activeEvents_;
std::deque<CargoHistoryMat> historyMats_;
std::shared ptr<GroundCalibration> ground _;
std::shared ptr<Classifier> classifier ;
cv::Mat lastGrayscale ;
double lastHistTime {-1};
double saveHistEverySec {10}; // sec
uint64 t saveDetectsNextFrameld {};
uint64 t lastProcessedFrameld {};
uint64 t processEveryNFrame {9}; // skip this amount of frame
std::atomic_bool requestEndAllCargo_;
std::vector<CargoDetect> lastFinishedDetects_;
cv::Rect manualGenerateCandidate {};
bool lanesNormalized {};
bool isEventGenerationEnabled {true};

float filterConf {};

float minCargoWidth _;
float maxCargoWidth_;

float minCargoHeight ;
float maxCargoHeight ;

bool canGenerateStartEvent(const pFrame &,
const CargoCandidate &,

float * /*netConfidence*/ = nullptr);

std::shared ptr<AnalyticEvent> generateStartEvent(const pFrame &,
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const CargoCandidate &,
float confidence);

std::shared ptr<AnalyticEvent> finishEvent(const pFrame &,
const CargoCandidate &);

static float matchTemplateCrop(const cv::Mat &graylmg,
cv::Rect crop,

const cv::Mat &templateMat);

AnalyticEvents processDetects(const std::vector<CargoDetect> &,
const pFrame &);

void updateWatchlist(const std::vector<CargoDetect> &, const pFrame &);
AnalyticEvents generateStartEvents(const pFrame &);

AnalyticEvents generateEndEvents(const pFrame &);

float getConfidence(const CargoDetect &);

bool checkLastFinishedDetects(const CargoDetect &);

void debugDraw(const pFrame &, const std::vector<CargoDetect> & = {});
cv::Mat getGrayscaleFrame(cv::Rect2f = {});

/// coxpaHsieM B UCTOPUH HAITy KapTUHKY
void saveCurrentFrameHistory(const pFrame &);

// mocTaeM U3 UCTOPUHU YIaCTOK N300paKeHHS

/// st KOTOPOTO HAMMEHBIIIEE TIEPECEUCHHE C JCTEKTOPOM OOBEKTOB
std::vector<cv::Mat> getFromHistory(

const cv::Rect2f &, const std::vector<cv::Rect2f> & /*cropRects*/);

cv::Mat getCurrentProcessed(cv::Rect2f);

void drawLanes(cv::Mat & /*frame™*/);
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}} // namespace an::core

2 UHCTPYKIHS 110 YCTAHOBKE CUCTEMBI

2.1. YcranoBka Docker

B uncmpykyuu noopazymesaemcs, umo nonvzogamens ucnonvsyem OC Linux, Ubuntu 20.04

(015 Opy2ux oucmpubymue06, UHCMPYKUUY MOV OMAUYAMbCs)

OOsi3aTenbHBIM TIPETYCIIOBHEM [UIS YCTaHOBKM cepBepHOW tutatdopmbel MDT sBnsiercs
YCTaHOBKA CIEAYIOIIMX [TaKETOB:

° docker 18.06.1-ce+;

Ha Ubuntu ux MO>XHO YCTaHOBHTH CJIEIYIONIMMHA KOMaHIaMU:
$ sudo apt-get update

$ sudo apt-get install \
apt-transport-https \
ca-certificates \
curl \
gnupg-agent \
software-properties-common
$ curl -fsSL https://download.docker.com/linux/ubuntu/gpg | sudo apt-key add -
$ sudo add-apt-repository \
"deb [arch=amd64] https://download.docker.com/linux/ubuntu \
$(Isb_release -cs) \
stable"
$ sudo apt-get update

$ sudo apt-get install docker-ce docker-ce-cli containerd.io

Jeranu aist yctanoBku Jlokepa u 100aBIIeHHs BAIIEro MOb30Barels B rpymmy Jlokep
MOYKHO HAaWTH IO CChUTKAM:
1) https://docs.docker.com/compose/install
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2) https://docs.docker.com/install/linux/docker-ce/ubuntu.

2.2 CkayuBaHue U cOOp YacTeil apxuB, 3arpy3ka odpasa u ero 3amyck

1) Ckauaiite u3 nanku 11 ZIP-apxuBos.

https://www.roadar.info/file-share/6af00529-0083-4929-863a-07b628e2cc84

Jlnst 3arpy3ku (paityioB HEOOXOAMMO aBTOpU30BaThCs. JIOTHH W Mapoiib MepefaroTcs Mpu
IMOKYIIKC CUCTCMBI.

3arpykeHHble (ailibl MPeaCTaBISIIOT COOOM 4YacTW apXuBa C KOMIOHEHTAMU CHCTEMBI.
[Taponb oT cobpaHHOrO apXKBa Tak ke MepelaéTcs NPy MOKYIKE CUCTEMBI.

2) HeoOxoaumo yctanoBuTh apxuBarop. B Tepmunane Linux Ubuntu 3To komana:
sudo apt install unzip

3) C nomomnibto TepMuHaa 3aiauTe B nanky ¢ 11 ZIP-apxusamu:
lost cargo.tar.parta a
lost_cargo.tar.parta b
lost_cargo.tar.parta c
lost cargo.tar.parta d

lost_cargo.tar.parta k

4) CoOupaem NOIHBIN apXUB U3 YaCTEH:
cat lost_cargo.tar.parta*' > lost_cargo.tar

5) 3arem 3arpykaem MoJlydeHHBIH TOKep-00pa3 B CIIUCOK 00pa3oB JToKepa

docker load -i lost_cargo.tar

6) J[lanee 3amyckaem o0Opa3 ¢ mapameTpom TpedyeMoi aHAIUTUKY :

docker run analytics “lost cargo”

' * - nogpasymesaeT GyKBY B KOHLE HAMMEHOBaHUsA ogHoro 13 11 apxusoB (oT “a” go “K”)

13


https://docs.docker.com/install/linux/docker-ce/ubuntu/
https://www.roadar.info/file-share/6af005a9-0083-4929-863a-07b628e2cc84
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Pucynok 3. [Ipumep BbIBoJa TeKylIero cratyca (OOHOBISETCS Kaxk/able 2 MUHYTHI).
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3 KontakTHast M”H(popManysi NPOU3BOAUTEISA IPOTrPAMMHOIO NMPOAYKTA
3.1 FOpuanueckass nHGpopManH

Hazanme xommannn: OO0 «PoagAP».

HNHH 1615013172

OI'PH 1161690183665

KOp. aapec: 420500, r Uunononuc, yn YHUBepcUTETCKas, 11 7, opuc 332

3.2 KonrakTHast uHGOpManus CIy:KObI TEXHHYECKOH MOIIEPKKH

° Caiit: roadar.info
° Email: info@roadar.info
° Tea.: +7-903-307-16-75

dakTHUeCcKuil agpec pasMenieHust HHPPacTpyKTypsl pa3pabOTKu:
420500, r. Uanonomnuc, yi. YHUBEpcUTETCKas, 1oM 7, opuc 645

@dakTUYeCKHii afpec pa3MelIeHus pa3paboTIHKOB:
420500, r. Uanonomuc, yin. YHUBEepcUTETCKas, 1oM 7, opuc 645

DaKTUYECKHI afpec pa3MeIIeHUs CIIyKObI OIIEPIKKHU:
420500, r. Uanonomuc, yin. YHUBEepcUTETCKas, oM 7, opuc 645
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