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Abstract

Pipeline leak-sealing under pressure is a repair method for the pipeline leakage
problem of production enterprises. In detail, when the working equipment is working
normally and there is pressure inside the pipeline, the enterprise does not shut down the
production equipment, but repairs the pipeline in the case of fluid splashing.

Traditional pipeline plugging under pressure requires professional plugging personnel
to carry heavy repair tools to the job site. Due to the high temperature, high pressure and
corrosive properties of the pipeline transport medium, this work has certain risks. With the
development and application of robot technology and artificial intelligence technology, it
has become a trend to use robots to assist or even replace manual work to enter the pipeline
leakage site to complete the pipeline repair. The main research contents and work of this
thesis are as follows:

(1> A hand-eye cooperative 3D localization method for multi-modal robots based
on Kalman filtering is proposed. The method obtains multi-modal sensor data such as
depth image and pressure data through the sensor, and then the pressure data is processed
by Kalman filter to filter noise, and finally the depth image is fused for feature localization
of objects in three-dimensional space.

(2) The first robot used in the field of leak plugging under pressure has been
designed and manufactured at home and abroad, breaking the tradition that this high-risk
work can only rely on manual labor. The design and manufacture of the robot includes
hardware selection, structural design, circuit design, gas circuit design, control system,
communication system and wiring between various systems. We also use the control board
and relay to control the circuit and air path of the robot and the sports platform.

(3) The end tools with pipeline leakage repair ability are innovatively designed. At
the same time, the tools of robotic arm are designed to quickly replace the robotic arm to
compatible with different forms of end actuators. The actuator solves the problem of the
size and weight of the repair tool under the same type of process.

The pipeline leak-sealing robots realized in this paper is suitable for promotion within
the industrial industry with relevant requirements, and has certain guiding significance for
the research and design of the automatic operation of similar under-pressure leakage
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plugging robots in the future.
Keywords: Pipeline online leak-sealing; Hand-eye synergy; Pipeline repair Task;
Special robot; Deep learning
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NRERIE EEH M, 1H one-stage H Ars il vk BRI B 5Bt . 7E one-stage H b
By, HATHESZ AT EHE YOLO £45IF1 SSD &5 (1) B bnte il 2k,
IR 2 P B AR R EE R B F AR 2 o AT ik . R TE IS R I — 37 5
H1, BT SSD R T ZEHHHES R, R RKENERZENRZEHILER, XaF
ﬁZ/J\ H AR BB, AR TN BARERIEY, Bk YOLO iX—28 50k 2 5

& B E I A — 5 .

A 4-1 % 18k 240 = & B

42YOLO

4.2.1 YOLO HixfE M

YOLO A& 2015 4 Redmon £ A\ & H 4k 2K OverFeat 1 H bl &k . N 1
28 4540, YOLO Z:d5 1 $REUEIEHE 2> 32 (Proposal B ), T — /N0 X B 4%
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RIBBURFAE [ BB AE A 732, I L3 00 25 WA (R S A A A S i 2R 11
{5/, YOLO MRl L Faster R-CNN #2517 10 £, i35 FIRESI0 B iR
R 2 7 S SR, B H T YOLO RAMHrR G 7%7 pixel LA, S5
XTI AR R 5 B AN I B LIX 43 24 B ARTE [ — WS B e 5 0L

£ 2017 4, Redmon 55 A%} YOLO M 2% 5 AT T ek, #2417 YOLO v2.
YOLO v2 i 7 Darknet-19 1E AFFAEFREUNZS, FEasnfttanikft. (Batch Normalization)
HATTALER . £H%F YOLO T/ B ARKr i E A ERIIEOL, YOLO v2 340 1 {5 AE
(RTINS FH 5 240 R e A 7 VR s A R R, RIS T BR AR RHE LR 2
AR Z VRHAEAR 285 & DUE B A /N B AR BRIGEASE, YOLO v2 ibfi %7 Fast R-
CNN f# anchor HLil, KM T K BWEERFEIEK-Means) kM HIIZGLE, TN T
1S T AR e, 0T A% BRL 56 SR BT T AE X A bR (1 5 3 T 08 A R EORT
ground truth 47 IH— LAk 3

2018 4 YOLO v3 ##£!i. YOLO v3 i T YOLO v2 [#] Darknet-53 [{][% 45 45
47 FPN(Feature Pyramid Networks for Object Detection) ] W% 4544, i H15 AR X 4%
BTSSR . XGRS YOLO v3 7E3R1E 5 SSD A 4 kS i 5 T Al ki E
22.2ms/7KH3ESE, £ COCO test-dev %45 4 loU HIERME By 0.5 If mAP {Eik £
33.0%,5 Retinanet (W45 KA, HERT 4 5. (HRABERETEINE &, SHE
FIKE FEEAH B 147

4.2.2 YOLO v3 I &1

_ zero
— | padding unit

res

res_unit*n

B 4-2 F) 25 35 A a4

YOLO v3 KM 2% 45k) 34547 Darknet-53 fIRA&& 454, {H 2254 T a4
HHEZ. f£ YOLO v3 [y gty 3 24,5 7 DBL(Darknetconv2d_BN_Leaky).
resn(resblock_body). res_unit 1 concat FFEEAH M, WK 4-2 Frx, DBL FEAZAF
NG EFEAE. BN(Batch Normalization)Fl leaky relu 375 % 1M res_units J2
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YOLO 5% 7 ResNet W4 (1S INGh# (ILHAE, (F15 W45 (1018 B B v DASR B B i &2 2%
(FFE, 5 T W4 DBL f1—A add; resn H() n [RFEH T, FRIE resn & n
A res_unit, ZEZ ST resn I, £x4EiAT zero padding (EiHFA) #fE, #HEEZ T DBL
A1 n A res_unit; concat /&fRTKEPFEE, HKs darknet HE]Z AT darknet J& TH I — 2
W FRAE Y SRR THHE, TR ENYEEE . A YOLO v3 [M%E—3 N 252
2, HhBBEN 75 2, BN EA Leaky ReLU 23516 72 2, add 2 23 2, zero
padding 5 2, _FRFEM concat 737N 2 2, BINE 1.

130136255

@ * ’M ’.
»

DBL* Y

FonFOnd 5%

7
»

DEL * 5
Neck

HANSINA S

Prediction

B 4-3YOLO v3 M 4454

YOLO v3 HIRH 7 2 4ERE)Z 1) Darknet-53 ‘5T M 4% (Backbone Network),
BINEURB R RN 416x416x3 283 B T M 73 Al R KA 32 5. T RAE 16 fi%
AR KA 8 AEAUHRFALE, b T oRFE 8 fHRFE T AL B i J5 15 51 1 13x13x255 H4h
P, T RAb BRI T LRARAE N 26x26 HIRE, 5200 N RAE 16 f5HRHiE &
concat HHELT A JE13 3] 26x26x255 HI45H, FHAb—EE AR R LR FRFEAD A
52x52 MR, P52 81 FRAE 32 MAHRHIEL IS concat Pf 4480t b B 5 J5 45 2
52x52x255 [ 45kt o IXAE 1) N 4 25 K RIR 1 IR J2 P 28 05 SCRF A R I RFAE, 78
YR T ¥R PR 28 SR 1 G J2 25 M REAIE o T8 1S X 4% 465 1) R 8 S 22 RLPE (1 4R
T Fi 5 5 AN [F] RUBE P44 1) 00

4.2.3 YOLO v3 [#4% 5

YOLO v3 (A SCHREANF /N B Fr s BISEIE i -K M SE AR &5 . EFER K
5 REAAERIE DL T N 75 20 B R BEAT 4 TR E R Te A BE . 4 icdia I AN DR B B A 1
JEAR L], Bk B R AT A A KA MK E SIS, X aE A4 —
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SE HIMRAZ s TS TE AR A2 DR B BRI GG EE ), S 7S 1 A A5 I AT B A 55
B 4-4 Pl . B AER TS 2 00 B R RO 75 80 2 KT S5O F Ho 32 A4

B 4-4 B K AT A 22

TEHE— YOLO v3 KM Zgaitty b, I3 A A 21 At ) 2% % 2 b AL =
(pooling) Fl4:i%EH2)Z (full connected layer). i §if i 2 A gk & R ~F A8 {6 3=
BRI SRR . A BEBRB R RN 416x416 K R 1EN
BNABI, 23 backbone MZ% AT Neck %%, fRfEf33] 13x13. 26x26. 52x52 =4
AFERERIFERE . FEEAES T FPN [IEAR, XX E4 AR R A T Bl G (0 7%,
ISR ESRATE (up sample) FIHF 42500 4 A\ 04T 2 ROBE RS IIAS [ DR /N B bR, T B
s A PRI M (grid cell) k)N R P 4 P e I 5 SR B A

WK 4-5 Fros, 132 R R RN RREZ G, AR R ot B2 A AE 23 R
TRIAS [F RN A4 . G0 13xA3 FRUBER/INIRIRRAGE I oo J82 P B ATE 47 5 PN B AR R
SR, 26x26 RUBE R /N BRREAE R R R R HE £ 5T T bt R A RS A A
52x52 LR /INFRIREAE P i Xof SN2 FR) B E 47 5 Tl B A58 /I RS R

52*52

B 4-5 1B K/ sate
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fEFE 4-5 FeMff) 13x13 RUZHIRFER A4 i B Ak o7 B o (RO AR Xt
IS PR = AN B A A2 — M AE 2 DT IR A4 . 1K =AMEHE R 10U 2 HE 2
FH AR — AN AE SR G0 5T PN A48 o T A 0 4 P AR 2 oot 22 S0 T AN TR RO
IR AN R A A RO BRI R S ST TS 7 U R 5 SEBRAE
(Ground True) ] 10U 5 K FA B I £E R RURE AT R 5 5 300 o

YOLOv3
Network |~ ]

O Grid cells

Ground Truth Bounding Box

D Object Cener

B 4-6YOLO v3 K &4 i

TS 2 H 3 ANEEAESR X WA AT AN, AN (5] RUBE FRVRFAIE M 0o 182 PR 6 At
R RAE . BF— AN RBEHIAER] BoX HI(ty, ty, by, th, to) TR, H P (6, £,) AR
K2 Box fERIEEUE I BARFOALE, Wi, ty) Box FIKHTE, t AiX/> Box
FAEYMAR G EIBEAR . R EL COCO Hidls S rh i3y 80, B4R R K%y
TR % R BE K/ IN X N X [3 % (4 + 1+ 80)], N F& I IR,
MRS S AT 3 ANHIE, 4+1 H(ty, ty, L, tr ) IRV, G 80 S COCO Hfi 41
BE— R0 0 H, WK 4-7 s .

R HHE RO AL

o] o | D

A0 FA/N A S

B 4-7 #AE 69 &
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BHER 22 S S h
PcC1
PcC2
pcc3
scores = p, X (4-1)
pcc78

78
\579/ \PcC79/
Cso PcCso

HHFERBRZANIBIMERE, K& NP BB om0 vk

TSR, IFRs s R BLAS BRI B RE (1 B

B 4-8 EF AL RAE A

T X6} THUIHE () 5 A6 2 75 AER I ) L, SR 728 3R B 10U 1l 2 T AE A b vE HE
MESREE, .

area(Bp N Bgt)
area(Bp UBgt)

X, B, ATIINAE, By AREEHE

10U = (4-2)
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£ YOLO v3 1, fns—AMEHES Ground True i) 10U ek, AN EREA
WER—MHES Ground True 1) 10U KT 1€ W BMEEA N ERK, NRZHHE 12
W% R —AMEHES Ground True f9 10U /NF R BRIE, WA AR, 1B
A ] objectness BAFEIRZN 1, MAMAFEAN objectness BAFFEFRZEN 0. HIAE
YOLO v3 A4 2k () R IEREARFIAAREA . IEFEASFE S 25 R Hih 23 T 53 H AR B
KA. BASFER R BN R I R g, AR R St E AR UL K.
WA K PR B 2 A A = AN IR, 58— AN v SR IR AR AR bR AT L R,
B AN NI EIEREAR I B AR B, B =AM AT R AR AN EGEE. W

ENCE I
Loss = ETT0Ty5 coor + ETTO0Tcons cis + ETT0Tneg conf (4-3)

Forfr,  IEREAS AR FR 0K BR BN -

2 . ~ 2 ~ 2
ET‘T‘OTPOSCOOT = Acoord Z§=0 Z?:O 11'0,?1 “(2—w; X hy)- [(bx - bx) + (by - by) +

(bw = bw)" + (b — br)’| (4-4)

RN, Acoora B IEFERRUE REL, N2 FIXE o 437257 3 345/ WU 3 JF 4
AR T 0E IS A, ST BN AR 238 5 T A RRE 1077 SRR T R TERE A
(by = b)" + (by = b,) +(byy — Byy)” + (b — by AhbiAE .0 1 B 04 11 95 755 5
SEBRAE 2 I RAT, (2 — wy X h) R FI T 78 SMER RS 200 MER T3k
I 2% o

TEREASE B (5 P AN B 26 B B T 5 A s F -

ETT0Tconf cis = imo Yomo 15 - [~ 1log(pc) + X0y BCE(Gycy)]  (4-5)

K, p W HHEAEZER IR 07355 Sy BCE (&, ) F T B2 MM — 50
R Horp

BCE (é;,¢y;) = —¢;log(c;)
SUREAS I (5 B4R 5 R B T S A 2R F
ETT0Tmeq conf = Anoobj Zieo Do 11y - [~ log(1 — p,)] (4-6)

K, Apoop; & HREAALE RHL

TEYIZRT TR e, N R 2 20 ek 2 Do 6 IS 190 45 22 J = A JRBE IR AE IR
SO o 2 R 1 R 5 52 B R AR RE AT Lde, PR Sk BB AT VI 5, B4 R IF
FERRRIBSFE T HERIEAR YOLO v3 [ 44 AL .

SR R T R S DR S (D AN B 2 b e o B 2 STk
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W28 2 il = AN R BVRFAE ], R FWAE 45 B AT THE, IRl hoE B AR T A R
i PE AR AR T AE , B AN 4y 208 i 2 4 2 E K AE #0il (Non-Maximum
Suppression,NMS) i 31 5 & HOR FRIIHE .

4.3 BB RERERIRE

B N TR BB A R, IR FE 5% ) 1l N R (E MR Bk 22 (1) 438, DASE A bk 1y 12 e
AT SEVESE 7 AT ARV 7K AR P2 2030, (L H HET R T I ROl I TR BE 2 ) ok
BEAT VU AN A7 1) B A B R A S RN 2 B EP0x— R, AT %
S TE I AR IR A 7V, TR ST AN, B s RO T S, i HLAR A AR
M RSA RN U A2 . BB HArhi B, S A B S BIR B 22 5] 1 skl A
SEA RN b, PR TE R AR SR AR DAV R B, DU I 215 203 L 0
EIEIR RN AL SHE . T HIOX— 8, ATE S8k 17 EE S
PR EE.

TEHAT X IR AT RE 2 /T, AT EARE AT T 2 HEMHE. Bk,
TobA =R E B Re S PR AEA RIS, K ERNS S NEERSSER T
2% BT RAAE 1) 22 DUt poksr U0 PR VR A B2 22 s ) AP TELAE 6 A0 ] g 2 32 B A IR 55 [
R, G A R R ARG ZE R BRI DAAL, SHECknER 5 E
B fNE, EHES5EER SRR PIORNIUEARG B R — e e e, K
IERAR 7 H) RGB BG AL ARG, Wik 4-9 Frws

AT LA R i B B, FRATT A SRR I s AR 0 S B (1) T AE 3 5
FIFMEE, SREHE T IR EHE 10 %N B 26 1T B2 0 R BE 2 = VIR A0 T )
SO o RIS AP R B0, )R B 2% ST SR A U 5 A T s B — T B
AIRIERAES, JEFR W

(1) MHREERTA AR EEAER iz, ArRekh THEAMNEN, Wk Ty =
Ab, X BRHIE X ) 22 e AR OR, MllZhad B 75 EE ik i & i 26 B2 A
PR T A4S 75 AS 5] 1R 3 55 Hh 4 B 608 DRUE HE R 12 5

(2) Tt THR—RIREE T, RATATCRAE AR LR S EA — 2 & Ak,
[ IS 57 T R R P S SR IR KA & A Y, A8 O 0 7 5 R /KR B RRAE 22 28 15 5 AN
A, IR TCBEHR T T 40 90 4% o) 25 T Wi s AN A0 5 A5 P X % 5

(3) FEFRATM B R e, B T Be 2> Bl B BBl B DA B, [N A [ (1) Ol R A 2
SR R RS R AR R, T Ha i3 B A SR Leb i i R AR IROEIL A
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i bR

S IR

EAR e Acd

B 4-9 H B EE K K

I TE MR PR AT R AR, RS 360p ENIRE A B A 100 K,
360p )= N RGB & /1 100 7k, 1080p 1% N RGB Kl ) 100 5K, 384x288 [ %= N # /)
100 5k, 2270x1242 [1J=4h RGB K F 236 5k, 44 1920x1080, 30fps 1 ZE4b
RGB M2y 154 #/ti, ik 4-1 Fron. HHERFPOTLUEH, BORAE RIS KSR
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KU L BEMARR, BEAR I 17 75 % 2K 5

F A1 FTHEERKIBEE

=X PN g &
640x360 ENRE A BE 100 3k

640x360 = N RGB & 100 7k

B Fr 1920x1080 = N RGB & 100 7k
384x288 ENHIIE 100 7K

2270x1242 =4 RGB 236 5K

P 1920x1080, 30fps &M RGB L 45 154 F»

4.4 BT ROS ) EHRIREUFIR A

FEER A BT, BAMEM T Zed mini SRAE AL ES R ARG ETE,
Zed mini =& Stereolabs ] —#HOW H B S, Aef il X H SR R3KI RGB B4
FREE R, I HRSEBUNTER DL IR RIS A BB S H
R AT R TN ROS Thaet, mefbib ik . i os
KA ROS(Robot Operating System)IhREGL R, FIF rviz 5 Be 8 X & Fh g SR ik
FPRIARAL, i 4-10 ATEE 4-11 FoR .

nnnnnn

Reset -Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. ShIft: More options.

B 4-10 Rviz ¥ % RGB B %
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zedm.rviz® - RVIz

= zedm faseelimkcenter

Reset . Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel= Zoom. Shift: More options

B 4-11 Rviz 69X B &= B 1%

FAVE IR S S H58 YOLO v3, FATESE T darknet R4, 7F ROS Hx
T, BRI HBITREN B E RGP ML, F AN ST IR S B,
55 900 AAIALESE TN IR & BT . did Bk, s iEls
ST I IR AR N A B AR S, Wi 4-13 TR

e Tt $EB PP PHY

B 4-12 F MIRBET 695 1 i B
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“»t4@DPLPLHY

PWEANOSma:

B

PR

©)
s

B 4-13 F N 3RIE T 09518 0 542 F #ir il

fE ROS ML £, & 4-14 P, XHTAZHL Zed mini )5 3012
zedm.launch JEA 5 55 /zedm/zedm_state_publisher & A7 B 15 AR 15 B 2516 FEH 2.,
YOLO v3 577 fi/darknet_ros 1T [ 1 i @7H 2. rgb/image_rect_color, Ffi@ i 45 i
U AU K M, % HY /darknet_ros/bounding_boxes % M W B . & 5 B W A
/LeakPoint_Location iyt 15 & s s T H 3281 zed mini 72 345K AR 07 B
(1)1 /i /leakpoint_Location_Topic, /i H 1 @l i B AR N 25 a0 ] 4-15 s o

/zedm/zed /LeakPoint

1AL SIS Location
publisher =

/darknet ros /leakpoint

. bounding Location
_registered rect color boxes Topic

depth/depth rgb/image

B 4-14 E 8 R 240 T S A iE R X A
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oCPpaRBRO

PEEE® 96 L ¢

&
=
e
@‘
63
i
o
® g
B x=29¢

B 4-15 76 RLH BH R B = 2 AR

4.5 RE/NG

R EE VR A T ARG IR A RS I AT R AT 55 v ) B A s I SR R S B T
1EEUG IR AT S M, ST 25 IR AL DL R 7 vE AT TR 48 . % BG4k
HEVEHR) YOLO WK REAVRE ST T N/ 28, J8idXT YOLO v3 [ 454544
FIVEE 55347 )R LU B YOLO v3 IR BE S5 2 B 8 I r A I IR 5% o B I BT 11
AT E AN BRI BT VISR R TE IR RURSE IR AT 5 B A P P %
WEZH, BRATRE T EERAWEARE, S T 7200 £ 00RO S K .
IR fe s FRATT AT B ML A T U AP BTG I 505 ) 0 288 DL R P I AR 644

38



PPN 2 TR e TATS'S

SB55 ET ROS gYHL 28 A$zHIScIR

5.1 HLA AFHR R LA

FEARRE N, FAVMEMH T URL0 HURE E AT 85 R 56 A RA R AL . Bl
B AN — Rt RIS TR, A R S A 3 A R S A AT 8% AL RERS 58 1
AR SS R A F R TR . FEARBRE T, FATBUE Bt 1 PRE H B AT 4
PARLXS AN AR S5 55 . (B AT 852 A, WH 1 1ERGES, HER A ge ek
AT IE B ARE A, JE ikl X A RO AT . DRI BRATTENL 23 N _EHE 3K
T 2R IR USRI LA NI R BE 7). Herbie R AR IR 2 35k, RIAL
AR RS o XM AR AR APAT 85 IV S AR AT AR, RDBLES AT IR P [
RSt ERANRGT, BARAE LRGP g NRFIA B RIR S, T
PENSAT AR SE AN LA, HRR T — A )BT RS, Wi 5-1 .

PUQSEL 3 S8
JEH]

PR

F7RE
T

B 5-1 LB AW FIRIE £ 4

TERARIE I A B H A AR, TR RS R AR 2 IR, BT A5 2 0 208
B . RN AR RES R ER T RS ST, FAE—ErEE, N TR
REHL M A, R — S Al S R D EE il 2, FRATR A R R 2387 0 i N
(ERcprLT AR SN

KR 2P (Kalman filtering, KF) J&—Mg— MR HA&MERFIRETTIE,
IR g N IS, N R GRS AT I LA T SR B TR B 4y A
(Time-Series Analysis, TSA) ;g /rffasy. M. BHERATR E R RIX
PUERSY, AR R HEIX DU 4 R 2 SRBAT TN . /R B ki B AT RE sh A& il
BUE IO R, FF HAEE R0 36 45 77 75 v DASAS By e B2, (R 53—, #&EA7R

IR GRS T AN B 7 RS BB I08 /R IR 25 A 1A B R e 3 (R B 45 2R
FRIEANA:
X(k+ 1) = ¢pX (k) + TW (k) (5-1)
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Y(k +1) = HX(k) + V(k) (5-2)
— AR G- RS TTHE, FRA(G-2) W TT 1 . TR MRS HE, HAM
MFERE, TNMEREIREhFRE . b, kNEHE A, SRR ZIkFPIRA VX (k)eR™,
Y(k)eR™ Jyit BLARAS MG 5, W (k)eR™ N4 N[ IR, V(k)eR™ Ay MLl 75
FAREW () FIV(R) A ME N0, T7Z%NQ. R L M, PIIHIREX(0)5S
W (k) IV (k) A AH O 3 4245 2]

Xk +1|k) = ¢pX(k|k) (5-3)
Xk+1k+1) =Xk +1]k) + K(k + De(k + 1) (5-4)
ek+1)=Y(k+1)—HX(k+1|k) (5-5)

2 (5-3) I (5-4) 4 3 J 4R 25 T RLIR 25 T 37 77 B2 b Rk + 1)k + 1) Fo it
K+ 1 ZIPRA T, K+ 1Dk + TN F R B 2840 . it R R 2 2
ISR AT 5-3 Fis, B I 6 i 2 Joitach I I SRR WA, T4
24 N I 2R R R R FOROR, T DA R MR e T e T R
STREAS RGN AR TR, T i 55 OO0

300 300

T T T T T T 0 T T T T T T
0 100 200 300 400 500 0 100 200 300 400 500
Time Time

)

v ¥
S ¥
S S
)

) ¥
o o
=] S

Voltage value(mv
-
w
o
Voltage value(mv
=
w
o

=
o
o
=
(=]
=]

5]
o

%]

o

<

B 5-2 & 7 A5 BB 6 RT3 5l 2

FERE LA S R e v, 3RAT A BRI W SR AL T R A R i R e pL
NHIRLSE R, K5 SPE #ATiesh. £ RARSEI A, A TA I H SAENLKA]
A E B AN E, 8 e N AR S B R RET R v 25 Al il B R A A, R
Xt H 7 80 53 B R s I s RS B AL B . FES DU B rp, Ll v 2 2 SR e L i

BN I BB E I N R A 2 AL R BATTRHURCE Sk i s R RE R 0 O B K
fizahid e, HERR.

EIEBEARS N Rl EE R it BEod T, HURE A ST
KgE IS, AR BRI T RENE; ERE Y S E MR AT, PIRwa
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BN TR R A7

WUNIIRZE, XA BR ZE T ST BE AR 1R 7, T 4080 15 22 R A fE mT Ui i i
BEIRARLAASRAIZ IS S5 Sk S 1 TR IR
Mk, XEHLas N TR A RS 7 2t AT 9 B AR, REFPIiiRe A 5-3 Jos

5| SRS
TR A B

Y

IRELRF
HRb i E

\ 4
TR 9=
i A0 TR
=L EE A
\ 4

U E3

v

REUE S
T re sk

HINTER A0 A
E NN

o i BT
RAMETRALE

K 5-2 42 fr i AZ B

5.2 T JU R i PRI 1] SR

FENLES N BT, BRATTBETE IR E T 58 A A S AME 5= R S >R 73 1) SE I T U
s N E AL AR TE I R B EIIRE . AESKEPR B s NAE S5 AT, U I A
PR BEAE MR 75 SR 5 A [F) (K R B 2 S HE, DAOR SE IO R AR 55 o DRI 3RAT T 0F
MRS 7 — BN I h g, s 5-4 Pros. ENEE AR 2IL G ER T
TERLE 2 Jm, WU B 56 328 0 AR S 0 I sl EAT R P e 2o eI SR A 1) 5 T O
s o B AT IR AG SR I AR A B, ST AR AR AR R AT WU WL e s o B
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(5] N HUBRE T 5 08 AR I 138, BB R R @ &R, FFRIE TR R AR E B
R EB AR ENBELE T EE T,

B 5-3 MK 35 4= ) SRk B

fE LR R, MU r Rz it #2vT LA i 10 MY B, W R PR .
* 5-1 MUK 6z 7 it A2

1 R E LA 6 e 2=y Py bl
2 W uh BT 7 [ ZZIEN=BER S
3 SERLETE IR A 8 e 2=y Py ipli
4 T A AR B 9 HIEAE R A
5 PR E AR 10 MR B

LU A (R B Bz shid B2 s s AR 04T 20 A, AESEBURAUIES B4
BT, RARE S HBER . BERmAIK RV ES 5 MHURE s shid R i
fevert N E AR F N BIONLIRE 10 RIS g R B S R A TE A TE R RO AL B
XU )38 Bl A2 0 T B DUSE NS 10 R g e s, tbhh, FIE Rl R it
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B AR MV A7 i, IR A2 3 2188 A EIX —zshid e s, RH Tl
W 1) Force Mode SR, DAEE G £ e B8 T8 O R Fhon B T3 iR . R3S
P iz s R b, R 200 4k i a5 0 2 AR BEAT b1, DLSE BATUAE AR
R Es L N k=1 P NP K= S ELi VPSSl (R IE RS AR il DS Sl (28

fE B R, AR B A A TS AR UM i R ERUR, e
UG fERAE N RAE AR IGO0 N, A RS W ETE 12 B 250 WIS i) 4 25t
TOR, BRI MR R ARCR .

5.3 2T ROS KIHLIVE 12 %] L]

ROS & — 170 RIGEFE L a8 NEIFEEN, 1228 MR fit T 454 R g REatiae
BFE TR AN EHREREH TRERSSIL. R #E R R 2L % L
A PSS [N ROS AT T30, k. 'S Mt ENIETR
R B 75 B0 LR 2 e DO R AR, SR UR WU RIVE & e & e
T IRJEGmAS S, RS ROS 45 Movelt!. TF. Rviz. Gazebo %35 1) 22 Fl
TR, HELNZ, £ ROS XM F, X TR+ KITF, 6%
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