EFESDFFIVoronoi BT AR
IS0

1. 3EIEBAY

BT AR ZEMRIE, W SERYIIERE S RESDFMAINMESERVoronoiEl, BT
XREFITHREML, HEMKNERES ZIRflySimFE S, THITT ANSEI AT BEIE
o

2, FEERENK

i A =l

o IHEER: Windows 108 EARZS; RlySimT At
o BHER: Eidgs/akeEmal,

3.5c5athat

BIFEER: [RZEHER]\RflySimAPIs\8.RflySimVision\2.AdvExps\e16_ESDFPathPlan

X B REGPA(EA ARERIET)


.

— Readme.md
F— WinWSL.bat
F— Ws1GUI.bat
— Client/
| | client ue4.py
| F— Config.json
| | Python38Run.bat
| | Readme.pdf
| b readme.txt
| | VisionCapAPIDemo.bat
| L— VisionCapAPIDemo.py
— maps/
— auto_crop_map.py
— map_cropped.pgm
— map_cropped.yaml
F— map.pgm
F— map.yaml
— OGM2ESDF.py
— planned path.npy
F— WinWSL.bat
L— old data/
— map_cropped.pgm
— map_cropped.yaml
F— my map.pgm
L— my map.yaml
L— Server/
— Config.json
— esdf planner.py
— planned path.npy
F— tf _cfg.yaml
L— WinWSL.bat
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ASERUFFIRRT, BAHITE
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WSLEF R E /S shii A

B IR 4E

UE4Z PPy thonfilA
[i=e ek

Python 3.8i&fTHIA
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IS FEIRAPLERPy thonfiiA
HE K

HE B shE BRI

HY R EEIR
SRt ERL B
[RiaHE E R
[FaaitE R E S 4
ESDF#1EFF RN ERZRLIPy thonfil A&
FR B AR EE S 4
WSLIFE B oA

|REE M3k

|B&EET R

|BE B tERRE

BE X HE

BEXMERE

BRES 883143

BRSS 2RECE N 1
ESDFESZMKIZEPY thonfil A&
MR REE G (EHIER)
TR TIRERE S 14
WSLIRE B il A

S [R#£EBF]1\8.RflySimVision\2.AdvExps\e6 LaserSLAMdemo\Readme.pdf 52304
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4. 1 _51Tln\¢z=$u

REE LIS,

Wi maps\WinWSL.bat FHIZS7ESEHAYCMDXTIEIER, %8\ python3 OGM2ESDF.py & F[E]

4§, BIaIFRIE1TOGM2ESDF.py 2%,



] root@Byzeal: /mnt/e/PX4PSP} X 55|

root@Byzeal:/mnt/e/PXU4PSP/RflySimAPIs/8.RflySimVision/2.AdvExps /& T ESDFE K &=l £ /maps# python3 OGM2ESDF .py
/root/.local/lib/python3.10/site-packages/matplotlib/projections/__init__.py:63: UserWarning: Umable to import Axes3D. T
his may be due to multiple versions of Matplotlib being installed (e.g. as a system package and as a pip package). As a
result, the 3D projection is not available.

warnings.warn("Unable to import Axes3D. This may be due to multiple versions of "
>>> BTEE 1: nhE4hE

- & ESDF

- £l Voro

>>> BB 2: iR (ARFR)
1 1238 H RO 2 O xR RT3 4
1. #£5 (Start)
= 1 (Goal 1)
. Birsl 2 (Goal 2)
¥R Ba > Birl > Bir2 > B

RIE ERAEOFNRTR, FRENEORRE=TRIRAER. BIifRIL. BiRi=2.

Click 3 Points: Start -> Goal 1 -> Goal 2

HE3IT R, RETlE, BFEEDTEANYEREZ, WTEMAR.

View 2: Path on Map with Voronoi Topology

View 1: Path on ESDF (Safety Heatmap)

Final Path
Voronoi Skeleton

ESDF Distance (m)

FHR A R R — 4EiA& 3 E] planned path.npy 5OGM2ESDF.pyH7ER—1TERTo



4.2 {FE#E

1. WIFHIB{T Client\VisionCapAPIDemo.bat A {4, HFHEIFIBVBK M. B
¥2BE) 14 QGC #iFmlh, 14 CopterSim. 1 RflySim3D %, ZfFCopterSimix
HTFMBEEZSBITENY GPS 3D fixed & EKF initialization finished FHEARY]

1a1E5ehl. W EIFAR:

LSRR 8=

=
BRSNS P¥4: Init MAVLink

; CopterSim: CopterID is 1, PX4 SysID is 1

PX4: Awaiting GPS/EKF fixed for Position control...

3 BRI P¥4: Enter Marual Node!
Al Pi4: Found firmware wersion: 1.12. 3dev
f T Fid4: Command REQUEST_AUTOPILOT_VERSION ACCEPTED

Pi4: Command ARM/DISARN ACCEPTED
Pid- FEE? Fetimator start initializing

MBI PX4: GP3 3D fixed & EKF initialization finished.
Pid—Fmterfuto o terifode?
CopterID: =#iClassID: f# FDLLY
_ P |
”’

P A UL S

HTER . i E
e

R E WA

FX4: Init MAVLink
CopterSim: CopterID is 1, PX4 SysID is 1 X0 Y0 Z -8.05
Fi4: Awaiting CPS/EKF fixed for Fositiom contrel...
FX4: Enter Nanual Wode!

Fi4: Found firavare version: 1,12 3dev ¥x 0 ¥y 0 ¥z 0

FX4: Command REQUEST_AUTOPILOT_VERSION ACCEFTED

PY4: Command ARM/DISARM ACCEFTED & 0 80 I
Fi4: EEF2 Estinator start initializine...

PX4: GPS 3D fixed & EXF initialization finished.

PY4: Enter Aute Leiter Mods! lat 40.1540302 len 116. 2593683 alt 58.05

4.3 ESDF M ERZEFX

SHIEA. VN HRAERR maps\planned path.npy XE| Server X3k, WiEHin
1T Server\WinWSL.bat BHZASSZ{H, 7E5#HAYFTIENEFLN python3 esdf planner.py o
R RIEITEER.

" roscore

root@Byzeal:/mnt/e/PXUPSP/RflySimAPIs/8.RflySimVision/2.AdvExps/H T ESDFE (K B8 = Hl £ /Server# python3 esdf_planner.py
current ros environment noetic
HostIP is 198.18.0.1
Target IP: 127.0.0.1
. logging to /root/.ros/log/02376b5a-ed21-11f0-af31-bf90b6e06896/roslaunch-Byzeal-37564.1log
Checking log directory for disk usage. This may take a while.
Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <1GB.

@8, AJAEEIRflySim3DFHTEANESR HFIBIEIRT B 1P AIEZ §1T.
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|5, XEEHIAR
| 5.1 LN EE{A R ERFNHESS

ZNSEIOET AR — AR, MR B ERISYIIER S S RIESDFIZAI NS SRR Voronoi
B, EFXAEBHITRIEZML, FRAINTRNFIRIlYySIimFEEH, 1=HIFTANSEI AR
ERIEE, BARIZWT:

1. dhE IR E T AEMMEHE, H#HITTENRIE, KoY EBXE,

2. ESDF¥#: HERKRNSESY, JE8 1T SRaESYINERER.

3.VoronoiBEERL: REXEHXEMFHIENRINEEE, AZRVoronoiEl,

4. BR1ZMK): EVoronoiBZR LIEFRVNIGHKE, AREABEMUEZE (FEMCHOMP)
BT BREER Lo

5. BRI BERELITNERFEEIR AR RBINEDATR,

6. (AEIEIHE: 7ERflySIimTEHITHIZANEMKIEEE ¥1T, SIFIFEIE,



5.2 XRIZFF IRt

1) gt ERY3E (OGM2ESDF.py -> MapProcessor
)

mask obstacle = self.raw map data < self.obs thresh
self.processed map data = np.where(mask obstacle, 0, 255)

dist out = distance transform edt(self.mask free, sampling=resolution)
dist in = distance transform edt(mask obstacle, sampling=resolution)

esdf map = dist out - dist in

voronoi skeleton = medial axis(self.mask free)

2) &R =M% (OGM2ESDF.py -> PointSelector
)

plt.imshow(self.raw _map, cmap='gray', origin='upper')

points_raw = plt.ginput(n=3, timeout=-1, show_clicks=True)

3) EEMKIBE (OGM2ESDF.py ->
GradientPathPlanner3E)

def skeleton search(self, start, goal):

" ER\ PR REAERVoronoi BB R LN R, HEINEREIBIRRBERE"""


http://ogm2esdf.py/
http://ogm2esdf.py/
http://ogm2esdf.py/

def optimize segment(self, start, goal, segment idx):
path = self. resample path(raw path, num points=150)

smooth grad[1l:-1] = path[1l:-1] - 0.5 * (path[:-2] + path[2:])

obs grad[j, 0] -factor * self.grad ylpy, px]
obs grad[j, 1] = -factor * self.grad x[py, px]

path[1:-1] -= alpha * (w_smooth * smooth grad[l:-1] + w obs * obs grad[1l:-11])

4) B EZEFiRFIIEZERGT (esdf_planner.py ->
load_and_process_pathiz#k)

d row = p[0] - start point[0]
d col = p[1l] - start point[1]
pos y east = d row * resolution
pos_x north = d col * resolution

5) TANIEHE (esdf_planner.py -> SearchPointi& %)

def SearchPoint(speed, rate, PosE, AngEuler, mav, PointlList):

Angle = math.atan2(Posy - PosE[1], Posx - PosE[0]) * 180 / math.pi

mav.SendPosNED (target[0], target[1l], target[2], AngEuler[2])

5.3 XBEFARIE
1) BREERFSEEEH (ESDF)

o EETIR: WTFHEPFNER—mp = (z,y), HEREERYES O NRKEEE
XA

dist(p, O) = min Ip — oll2

o FEIEEY. BIFREELIRIEESDF:
ESDF(p) - dout(p) - dzn(p)



Heh d,,(p) REMBZEHE S5 B EREENEE, d;,(p) SREEIREN SIS
S B R .

« MEEN: ESDF(p) > 0 Rrsp AF RN, HEHARES;
ESDF(p) < 0 &7 & p o FHraymss; ESDF(p) = 0 ®Ra p AT
5,

2) VoronoiEl 5Tk

e Voronoifp#M#EIEHE: FATHTHIENNERTENER, B8R ENRHREEELR
TRICERYIRIEEEESE.

o HRIMA: VoronoiBZRIRM T BHTERVEING), SEBRIEREIZEE/LAFD, &K
WS IERYIREE R,

3) CHOMPRZMLILERE

o RINEE: J (&) = wsTsmootn (&) + Weeottision (§)
o BN Jemooth: B LEERKEHFRFTSE
o RN Jeoltision: FIFBESDFFE4HHFES
e HETMH: BESKRBABERRHITIELER:

qZ(kJrl) _ qz(kz) —a(w, 0Jsmooth +w, O0Jcoltision
0 0

6.5E &M

1. RfFlySImEA3#: https://rflysim.com/doc/zh/

2. Oleynikova, H., et al. "Voxblox: Incremental 3D Euclidean Signed Distance Fields
for On-Board MAV Planning." IROS 2017. &3 5&#%

3. Zucker, M., et al. "CHOMP: Covariant Hamiltonian optimization for motion
planning." IJRR 2013. &3 §%i%

4, RflySimT AfEREIER . https://rflysim.com/doc/zh/HowTolnstall.pdf
5. RN EREEL
8. [ZEBR]\8.RflySimVision\2.AdvExps\e6 LaserSLAMdemo\Readme.pdf


https://rflysim.com/doc/zh/
https://arxiv.org/abs/1611.03631
https://www.semanticscholar.org/paper/CHOMP%253A-Covariant-Hamiltonian-optimization-for-Zucker-Google/f358d770a1c31a67a06d467827bfde9f298278ac
https://rflysim.com/doc/zh/HowToInstall.pdf

7.5 Win)eR

Ql: iZ{TOGM2ESDF.pyiEFbEf, REithExRE
127 0 Rz ek 5

& WEHIZTT maps\WinwSL.bat /E%IAN python3 OGM2ESDF.py , TERFs#titEREO,
BRE=1"nEEREEIRE, TEEMRMIER,

[REA:

1. WEINHEREARIER, FEFTEIEEN map_cropped.yaml XS NEIPGMItEI S 4,
2. Pythonfk#i Bl R LT E, RONENRIFITERE (Mscipy. skimageZ),

3. E DR SEFHPNSEAR LA,

4. EEN R AT RERYIASEE T EaERYA 5.

BRBZE:

1. 1&E maps XK ZHTFEIE map _cropped.yaml #1 map cropped.pgm X, WNRAR
F1E, BILUBTT auto crop map.py RIZAS4E R EED EHIMIE,

2. REFMBERNPythonfk it : EWSLEIRPHN maps XK, &
17 pip install -r requirements.txt o

3. HRME DR EEFPISEH—H. FTFF map _cropped.yaml XHE
& resolution 1B, NW50GM2ESDF.pyArEYERIAEITHL,

4. EERNBERATEEXE (HMER®ED), BREEERYXE (REeEa).

Q2: {AEMILEICopterSimikiERETR"GPS
3D fixed & EKF initialization finished"=#¥

KR . WEHIEIT Client\VisionCapAPIDemo.bat /5, CopterSimirEsh, EFMBERE
—BXRETBUERES, TANTEEERE .

[RH:

1. RflySimT AR EAL RS,
2. M IEZRA S CopterSim5 QGCHNE ILE (S 5 Mo
3. BRABH R S RAE LE T M X ORES.

RRBER:



1. BEREZRERIlYSIMEAXEERTETASE, HEREXERE,

2. REWREE, WRFIERGER—MBIFREFIET.

3. BN XA MER T2, FAMNEXHEOFIMNEN (J0UDPI%E14550. 20100
o

4. ERFTENMY, REBERIRFDE: EaQGCHmELL, BEaiCopterSim, &ERBLH
RflySim3D,

Q3: TAMIERflySim3DHRAFRIERIERE K17,
KITIIBREKX

WK AINIEIT esdf planner.py /7, TANE VE W THTESMIBER—, HEL
ANERHETERE 5,

[RH:

1. IFFRRERIR, RERLARIYIRLITIV IR AR E .

2. HIEI S HERSE MAP_RESOLUTION & E 1R

3. BR1EX 1 planned path.npy KRIEFAEHIZ] Server X4, HXHFRBIRT,
4. T ANIEHINE S IR R BRI,

BRBE:

1. #8& esdf planner.py FEY load and process path BK%#%, BfRALARIEIRATCIER.
AN

NED East (y)
NED North(x)

(Pixel Row Start - Pixel Row Current) * Resolution
(Pixel Col Current - Pixel Col Start) * Resolution

2. 31N MAP_RESOLUTION S 5#EYAMLXHHE resolution E—2 (B®E790.05),
3. Ha1R4& maps\planned path.npy XHFIEREHIZE] server XHFH, HEEXHES

=
713%%0

4. H% SearchPoint KENHHY speed ] rate &%, FLXAVIEIHEFE,

Q4: WSLHIRFEZBENEPythonds AR

& : Wi winwSL.bat T WslGUI.bat f5, &@O—AMIIRREIR, TEEWSLAIETT
Python*%r%_o

[REA:



1. Windows R ARZEWSL (Windows Subsystem for Linux) o
2. WSLARRZZEPython3ZHE X K i,
3. A E X ERIZECE R 1R,

BRBE:

1. RREBSBAWSLINEE: EPowerShellPLIEEB R & H1ETT wsl --install o

2. EWSLHRE
Python3: sudo apt update && sudo apt install python3 python3-pip o

3. EHMMIEX MRS, WERWSLAITHRZFRER (40 ubuntu )o
4. AIAE IR FEhFTHAWSLA IR, HANIE BRHIITRL

Q5: ROSIEEIRIERIERE R HEUN

IR iB1T esdf planner.py /5, TEROSHFIEFFREFFEXMERKIMUIEREIE,

[RH:

1. VisionCaptureApi.isEnableRosTrans RIEFHISE I True o
2. ROSIFMIRRIEMECE S R/ZEN roscore o
3. MBECETRIR, ROSTATLTEIBES,

RRBER:

1. #81R esdf planner.py FFEI&E VisionCaptureApi.isEnableRosTrans = True o
2. EE1TIEFHT, FC/B5h roscore | TEWSLZKRIHEAIEIT roscore o
3. O EROSKILRECE, HafR ROS MASTER URI F1 ROS IP MBI &8 E IEH,

4. fEF rostopic list SR EIZHESIER Ao

1. https://rflysim.com/ <
2. WEECEIFEW: https://rflysim.com/doc/zh/HowTolnstall.pdf «


https://rflysim.com/
https://rflysim.com/doc/zh/HowToInstall.pdf
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