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The significance of research on high accuracy
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The main disadvantages of current CCTV inspection
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The most common inspection tool at present is the CCTV inspection system, which has the following main disadvantages:

@Complex operation process: During the inspection process, the camera head cannot be adjusted to find defects;
when defects are found, it is necessary to stop and observe the defects carefully.
@Low interpretation efficiency: The staff in the office repeatedly watch the inspection video to interpret the defects.
If the defects are missed when recording the video, it will be impossible to interpret.
@Defect interpretation based on experience: The size, length, area, etc. of the defect cannot be accurately quantified, and

the pipeline assessment score obtained is inaccurate.




Pipeline trenchless repair project

Repair
Design

®Technical specification for
trenchless repair and
renewal of urban drainage
pipelines CJJ/T 210-2014

®Technical specification for
in-situ curing repair of

water supply and drainage
pipelines T/CECS 559-2018
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The liner size is too small: the liner does not
fit the pipe to be repaired

The liner size is too large: the liner expands and forms

radial extrusion
At a project site, the ordered liner size is At a project site, the ordered liner size is DN300, and the
DN415, and the actual pipe diameter is , . . .
DN440. After the curing is completed, the actual pipe diameter is DN270. After curing, there are a

liner does not fit the pipe to be repaired at all. lot of circumferential wrinkles inside the pipeline liner.
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Introduction of millimeter-level measurement robot




The Evolution of High Accuracy Measurement Robots WYEM%%W%

Upgraded to panoramic lidar
quantitative detection,

Panoramic lidar

The first one to realize Launched laser quantitative \ . : : :
digital high—definition detection technglo with cgmpreh.er)sflve C.O“eCtlon of Inspection teChnOIOgY 15
elne , . gy high-definition video, fully upgraded to achieve
pipeline inspection centimeter-level accuracy chromatogram, lidar profile millimeter-level high-
map, and comprehensive precision measurement

analysis -



N
‘: X5-HTS5 Pipeline Inspection Robot Inspection Robot

It can perform millimeter-level high-precision measurements of pipeline parameters such as pipe diameter, deformation,
deposition, and defect size, providing accurate data support for maintenance and repair operations. It is suitable for engineering
measurement tasks that require extremely high accuracy and reliability.

Millimeter-level measurement accuracy
500m long distance detection Panoramic Scanner

HD Pan & Tilt camera

0 .

190mm height gap X-type electric lift

R, 5 o - K XGHTS | |
Driving speed increased by 1.5 times =7 iy o V= § CPhs  EEEIREA 4
h - - . - o e ¥ ) -.l)

Quantitative detection speed increased by 2

times



X5-HT5 Pipeline Inspection Robot
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Inspection Robot

Panoramic display: present the whole view of the pipeline in one picture

Lidar quantification: Defects can be accurately quantified
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How to use:

When inspecting, just set the inspection parameters, and the crawler will crawl automatically without stopping, observing defects,
or rotating the lens; after the inspection is completed, data is generated and analyzed immediately; When interpreting, interpret
and analyze on the pipeline panorama and chromatogram; when clicking on a defect, it will automatically associate with the
corresponding video frame and lidar contour data for precise quantification.

Easy synchronization of indoor and outdoor work

—



High accuracy lidar inspection Robot

Deformation: 4.9% Distance: 13.150m

Deformation: -5.5% Distance: 15.115m
Diameter: 528mm Diameter: 1163mm
3 1 28./8244 % L, L, 2 5 .'- '{}tour perimeter: 6.276m 998/1 840 . Sertour pel’imeter: 3.671 m

=

gler percent: 333.0%
”

R percent: 97.4%

The high accuracy lidar
collects 800 points per
frame, eliminating stray
points and making the
contours smoother.

Deposition Width: 294mm Overflow area: 10614.5¢m?
Deposition Width: 97mm Overflow area: 2806.4cm? Deposition Height: 18mm Overflow loss: 6.2%
Deposition Height: 4mm Overflow loss: 0.7%
Regular lidar (centimeter grade) High accuracy lidar (millmeter grade)
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Verification and comparison
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Inspection Robot

Place the lidar inside the pipe for
scanning. Place 5, 10, 15, 20, 25, 30,
35, and 40 A4 papers at the bottom.
Measured by caliper, the thickness
of 40 papers is 4mm, so the
resolution of every 5 papers is
0.5mm.

Through data statistics, it was
found that there were clear
dividing lines between different
paper layers, and the display
resolution was higher than
0.5mm.
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. Verification and comparison Inspection Robot
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- Chromatogram when three -
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Inspection Robot

soeeen WRERNEARNERSR V1.02
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=T O O e One test, get multiple data:

ERUE mezuE

ez 'zrmns xnzs @HD video

| =, @Lidar Profile
@®Panorama
@Chromatogram
@Posture data

@No post-processing required

oy TUBLE.0mm THE:20.05 %
e B &:680mm
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Data Collection

B1) 55 YS01-YS02
TR IA
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— Video display

Inspection Robot

Inspection process:
complete the whole process
in one time, no need for
operator monitoring:

@Non-stop

@®No rotation

®No Look Around
®No zoom and focus
@®No need to stop for

observation




Inspection data analysis and output display




High accuracy |idal‘ Inspection Robot

}::EASY—SIG[—!T‘ ,@PIPEPRDF Analysis & Map Report # Setting ﬁl Help o About | — @ X

Pipeline Quantitative Analysis System

Synchronous analysis of

' Point Cloud

Eﬁ-@ Ef_} ,”- (I @ Modify Data | ] addDefect | (5 Detectvist £) Al Detect | ° @ m ﬂ i oiE . . .
| Pipeline 3D model(1/1854) | Pipe Cross Section F ||dar, panoramic, Vldeo,

Deformation: -1.4% Distance: 0.009m ’_!_.
: Diameter: 1196mm
1/1854

wemiinal ,  IMU and other data.
EI’ 3D Analyse

Qbomo

I € xro-vsoz vso1-20240824 071051

° XFO-¥S504 ¥503-20240824 073303
Q) xeive02 vs01-20240826 115602
o XFH-Y504 ¥503-20240826 121853
© svsor-z0za0sic-isnas @Lidar profile, chromatogram,

Q 5LK-013-35 0133420241207 173041

) WoYLYS11-¥512-20210430- 161913

panorama, video linkage

analysis
Deposition Width: 104mm Owerfle rea: 11227 Bem? . .
Deposition Height:Ziom Overfiow loss: 07%, @®@Automatic calculation of
Distance:14.11m/2680md o'clock el Defaut  ~ [BE : | video Image(27/27916) .
g . s o SRR defect size

@Intuitive and simple

interpretation



Data analysis

The above picture is a panoramic view of the inside of the pipeline obtained using panoramic quantitative detection
technology, which is equivalent to cutting the pipeline open and then laying it flat. From the above picture, you can

clearly see the deposits on the bottom of the pipe, cracks on the pipe wall, etc.

—



Intelligent defect analysis Data Analysis

- 7)) PIPEPROF i ; Satti ; 5 X
k“sy_slsﬂr @Pi;nelineOu.anr.ilaf\re.in ol Analysis & Map n Report ﬂ Setting i] Help o About - @ X

a B wodityoatn | addvetect | (B Detectum |8} aiDetect O ¢ K B »
'|i'1 Video Image(2316/5429) . e
... @Through the conditions set by

B-EZE I
| Pipe Cross Section
£ oo @ Defarmatian: -2.9%

259/708

Q wra-vsnz vsin-20240824 071051

Q) xFC-¥504 ¥SD3-20240824 073303

the user, the defects are

o HFH-¥S02 VS01-20240826 115603
o HFH-YE04 VS02-20240826 121853
s -~ automatically judged according

Io CLLE-D12-35 013 34 20241207 173041

@ WovLvEi1-S12-20010430- 161913

to the chromatogram expansion

diagram, panoramic diagram,

Onerflow area: 16895 4cm?
Overflow loss: 4 4%

etc., and the automatic

) Distance:0.69m/57.97m,5 o'clock

identification of various defects

Is supported.




Defect interpretation

XE&SY"SIGHT| @NPEPR{}F Analysis & Map g Report £¥ setting m Help 0 About

Fipeline Quantitative Analysis System

B addoetect | (B pefectist | S)  AlDefect ° @ E Eﬁ @ Puzi::g:d

DEgE N B

Defect Interpretation

@ Demo

Q) xro-vs02 veD1-20240824 071051

Lidar Frame: 4551

Q) xra-vso4 vs02-20240824 073302
Distance; 19.65m

Q) 1502 ¥S01-20240826 115603

Clock pos: 0710
Q) xFH-s04 YS03-20240876 121852

Q -vs01-20220216-150446 Defect Length: |13 em

Q 5Lk012-35 0134 20241207 173041 Defect Property: Structural

IQ WDNL-YS11-¥512-20210430- 161913
Defect Type: [ Penewration of foreign matters v

[ Defect Class: | | slight

area=1739cm? volume=104.Tcm*

o " ' 'wl- 7 Remarks:
FTOOS Ml g
' You can also enter 69 characters.
O Modifying distance value
Distance: 005 m  Coordinate ¥ 290 = Coardinate ;340 2 Background color - Funt

' Confirm

Data Analysis

@Automatic
guantification (area,

volume, size)

@Automatic positioning
(distance interval, time

of day and time of day)




Data Analysis

After repair: i>17|-l Y502 Y507 -20240826 115603 1id

Jatedad alojag ’

seday Jauv'

Before repair:

£ seting @ Hep @ About | — A X

#
oG HE B ®
Project address: addr Iﬁ
2D Anal
Pipe diameter: 1200mm £
&
Pipe material: Reinforced consrets
3D Analyse
Inspection well SetirrenT
number:
Overlapping Chart
distance: 0. 0126, 80%m

| Pipe Cross Section

T00/1854 Distance; 10.103m
©1195mm
685/1800
®1170mm

> 2D analysis

It can quickly view the
video images before and
after the pipeline repair, the
pipeline chromatogram
expansion diagram, the
pipeline panoramic
expansion diagram, and the
comparison diagram of the
lidar cross-section profile. It
can accurately measure the
thickness of the repair
material.




Comparative analysis before and after repair

£ Setting Help @ About |— X

s 3 PIPEPROF
X BERY-SIGEL @ Pipeline Quantitative Analysis System

Before repair: |“H\ VD2
0 C HE B ®
After repair: |}U-.-l-\"‘-:.1,-' ¥S01-20240836 115602 lid o
g % Project address: i [th
g T =
Cl =
o 20 Analyse
3 E Pipe diameter: 1200mm
-1} =5 —~
h La?
Pipe material: Feinforced concrete
3D Analyse
Inspection well TRl
number:
Overlapping 1. o6, 5o Lt
distance:
| Pipe Cross Section
TR 700/1854 Distance: 10.103m
o ©1195mm A
| 685/1800 o T
@1170mm =

Data Analysis

> 2D analysis

It can quickly view the
video images before and
after the pipeline repair,
the pipeline
chromatogram
expansion diagram, the
pipeline panoramic
expansion diagram, and
the comparison diagram
of the laser cross-section
profile. It can accurately
measure the thickness of
the repair material.




Comparative analysis before and after repair Data Analysis

700/1854 | Distance: 10.103m . .
®1195mm > 2D analysis - single frame

685/1800 = profile compa rison

®1170mm /”

The red part is the point cloud of

the pipeline contour before repair,
and the blue part is the point

\ cloud of the pipeline contour after
E | repair.

| The distance difference at any

/ clock position can be measured to
calculate the wall thickness.

Each frame contour (one frame

corresponds to one distance point)
can be analyzed.

—



Comparative analysis before and after repair Data Analysis

» Chart Analysis

Pipeline Perimeter Comparison Char Comparative analysis is
— e eyl peimeterin) —— i pimetin) performed from

multiple aspects,
including the pipeline
contour circumference
diagram before and
after repair, pipeline
wall thickness change
diagram, pipeline

:?::i:::l‘-;:f /_f_i:,_l;f:j_—::—:::’;_;j::iiyif__ﬁ__ ;T::’: contour expans ion
comparison diagram,
[. etc.
The value interval can
be set arbitrarily.

Travel distanca(m)

—



Comparative analysis before and after repair Data Analysis

Diagram of wall thickness variation of repair material > Chart AnaIySiS

Comparative analysis is
Liner thickness is around 10mm performed from multiple
aspects, including the
pipeline contour
circumference diagram
before and after repair,
pipeline wall thickness
_ change diagram, pipeline
B e T _ contour expansion
s S ' e comparison diagram, etc.
The value interval can be
set arbitrarily.

| b fi ! a 9 10 1 12 13 14 16 16 7 18 1% 8 " 2 3 M

Travel distance(m)

—
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Comparative analysis before and after repair

Pipeline Cutline Unfolding Comparison Diagram

lickness at point 270°

12 13

Travel distance(m)

Data Analysis

» Chart Analysis

Comparative analysis is
performed from
multiple aspects,
including the pipeline
contour circumference
diagram before and
after repair, pipeline
wall thickness change
diagram, pipeline
contour expansion
comparison diagram,
etc.

The value interval can
be set arbitrarily.

—



Result output

PIPEPROF
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@Support 3D point
cloud and real scene
map display

fEE: 194mm

S - @3D models can be
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— video display




Pipeline expansion diagram Result putput

* 2.4 Pipeline Expanded View+
Pipeline ; ength of ——
¥S511-¥812+ Pipe Size- 600mm- . L T 2ms Testing Length~ | 37.40m+
Segment No.~ l J Pipeline Segment-| :
Pipeline Mype| Rainwater< Pipeline Material| Reinforced concrete Burying Depth-’ | 3m< Tested at= WD+
o

: L S P o
o ﬁr—-_-n.a.:f..-.-m-f__\,:%.-.\.-cll ol : ot Ly : ot o e e B o : r
TTTTITTI]T ||||||||||||||||||||1|||||||1|||||||||||||||1|||||||1Hr|r1r1E:Hr]r:l:E:Hr]r:H[lrltl
I0m Tm m m m m m m Bm m 1

&

Pipeline expansion diagram, intuitively showing the internal situation of the pipeline, blue indicates slight sediment
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Cha I‘t AnaIySiS Result output

Pipeline deformation rate distribution diagram

[l Limit defarmation rate range(3) 1w |- "

nnnnnnnnnnnnnnnnnnnnnn

Traveling distance{(m)
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Comprehensive presentation of defects

Result output

Materal at jomt

Defect Noo” 112 Defect name Lo Defect Grade- 1= Defect Score: 1e
ia falling:
Stmctaral. Vertical Defeet Circom{ferential .

N = 9.65me 3 0r=
Defert Namre: Fokit a L 19.65m: Lengthe 13 Bem S 1
Scdlm_entnnnn 10 Bam Sedimentation 4 3em Deformation 105 Section Loss L0

Width - Height Rate-
Defect
Description

Defect No. ! Defect name- Dizjunctior | Defect Grade- 2e Defect Score! 34
Structural! Vertical Defi Circamferential
Defuet Nature e 20.60m: % 11.0em R 0104
Defect Distance Length+ Pesition:’
Sedientaban| .o, (|edmentaton 12cma Hlabircatian 2T Section Lz 013
Width Height' Rate
Defect
Descriptions!

<~ Distasce: 20.630m
Thampizr 625mm
Contaut Rrityeter 7.457m
Permeter pacgent: 3977%
A

o

showing defects from
multiple angles




G Application Cases




3 Hongkong




@ HK Test
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PIPEPROF

Q)

EpEEZEI- <l

ROAD HK-CH1800 CH220(

ROAD HK-CH1750 CH165¢ @ HKTest

ROAD HK-CH1750 CH183( °
ROAD HK-CH1650 CH150: o
RD HK-CH1152_cHi0s03 @)
RD HK-CH1152 CH1364-2 °
RD HK-CH13e4 CH1152-i °
RD HE{-CH1502_CH13E41‘ZI°

©
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TUNG ROAD HK-CH1800 CH2200-%
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TUNG ROAD HK-CH1750 CH1830-1
TUNG ROAD HK-CH1850 CH1502-3
TUNG RD HK-CH1152 CH1050-R
TUNG RD HK-CH1152 CH1364-3=]

TUNG RD HK-CH1364 CH1152-%=

TUNG RD HK-CH1502 CH1364-#H=
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Application cases
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ipticity analysis Result output

#

W EASY-SIGHT  Qvality Data Sheet
LoEZSon gg;g:?;}nc RD HE ﬁ(ﬁality Average 1. 096%

Crew members |FORWIN WANG
Total length [¥9. 51 End Nanhole CH1226 Nazximum overall ovality 1. BRO%
After deSI|t|ng IS Disc Diameter (DD) 1. 200 Ovality % — ASTH F1216/ASTN F1741
Einimnum Diameter (m) 1.179 % Ovality = 100 x {max Dia — ave Dia)/ ave Dia or
Haxinum Diameter (m) 1.223 % Ovality = 100 x {ave Dia — min Dia) / ave Dia
completed, the : . _ ax ovality 2 10l
Distance{m) Ovality % = 2 x {(Dmax - Dmir)
. . /(Dnax+Dnird} x 100 ST B
ovality analysis of the : — lininus 017
l_axllun l_1n11u1 Ovality Max ws dve (%) Nin ws Ave (%) Max Overall (%)
. . Diameter Diameter o —
different pipe 1. 59 Pipe normal 1.2164 1.193 1 1.880% 0. 74 1.13 1.13
1. 60 Pipe normal 1.214 1.193 1. T42% 0. 85 0. 89 0. 8%
. 3. 850 Pipe normal 1. 210 1.194 1. 291% 0. Bl 0. &8 0. 68
sections can be 4. 54 Pipe normal 1.197 1.191 0. 574% 0. 26 0. 32 0. 32
5. 49 Pipe nermal 1,200 1.1595 0. 427% 0.18 0. 25 0. 25
5. 4% Pipe normal 1. 203 1.189 1. 163% 0. 40 0. 7h 0.78
performed. 7.54 Pipe normal 1. 208 1.191 1. 429% 0.55 0. B7 0. 87
a. 64 Pipe neormal 1. 202 1.196 0. 515% 0. 22 0. 30 0. 30
5. 52 Pipe nermal 1202 1.193 0. 3085% 0.17 0.14 0.17
11. 66 Fipe normal 1201 1.191 0. 825k 0. 39 0,43 0. 43
12. 53 Pipe normal 1. 201 1.192 0. 812k 0. 38 0. 43 0. 43
13.53 Pipe neormal 1. 208 1.1%90 1. 108% 0. 47 0. 63 0. 63
14. 57 Pipe nermal 1. 206 1.191 1. 244% 0. 54 0,70 0. 70
15, 60 Fipe normal 1. 207 1.157 0. B80Tk 0. 47 0. 34 0,47
16. 62 Pipe normal 1.199 1.188 0. 882k 0. 31 0. 57 0. 57
17. &0 Pipe normal 1. 202 1.191 0. 964k 0. 55 0. 42 0. 55
1R. B5 Pipe neormal 1. 205 1.190 1.181% 0. 52 0. 66 0. B&
15, 64 Fipe normal 1. 203 1.153 0. 347k 0. 38 0. 46 0. 48
20. B4 Pipe normal 1. 205 1.193 0. 961% 0. 36 0. &0 0. B0
21. &5 Pipe normal 1. 207 1.198 0. T79% 0. 44 0. 34 0. 44
o2 B4 Pipe neormal 1. 203 1.195 0. B1:2% .31 0. 30 0.31
2a. 85 Pipe nermal 1. 205 1.152 1.108% 0. 63 0. 68 0. 58
24, 66 Pipe normal 1. 206 1,152 1. 212% 0. 87 0. A4 0. 64




@ PIPEPROF

SRS
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o | EswEeRE | wEg (17382/27916) I .
- — o s n one park, the pipe
N | RO s AT (1 o diameter is DN1200

| | and the inspection
length is 38m. The
pipeline has obvious
disconnection,
undulation, scaling

and other problems.
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Application cases

W Fi s ‘QP'PEPROF ot & WS mesw % o= @ = @ x| - X
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o @ BURIEN @ BEEE (B mEmt |6 Sesth © & K w) | smmaEor
RSt B wEsn B Esow f os= @ =w @ xF | - x
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> I, &) | s o
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Lay a DN600 water

supply pipeline,
measure the change

ma\ :.u:.m Elﬁaﬂ’.ﬂj\ i35
"i- BiEfEm @ BRfEHs |(9 Rt |8 B

s : EXAED i) in the inner diameter
i::;ﬁ;m BE. Setnn R —Ha1 Of the pipe“ne’
*% 3‘ deformation rate, and
:ﬂu other cleaning

| measures after laying.
a At 12m is the valve
w2 connection pipe,
where you can see
obvious scratches on
the connection pipe
and some distortion.,

i
|| LR 94mm ISR, 27 54.0cm?
mEE: 4mm KBRS 2.6%

‘ itz =EE KRS 94m/ 15.06m, 1 55k
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Application cases

, PIPEPROF o o e . o=
i ﬁ‘@ﬁﬁﬂ:ﬁ?ﬁﬁéﬁ clsd & ess B mese ¢ e= @ mw

Y—SIGHT

2 #mem e |G kit |5 s

B-EZE - <l

Inspection of DN800

® mEeE (g -Gy o - - pipeline, Iength 45

@ mAE—VS11-Y512-20210430-161913 o s ‘Q meters.

I° BB YRY3-Y5E2- 202 10510- 104556 /ﬁsﬁm\ D’ From the

@ new 0035 2P New Py 5 h t . t

© s vs01-¥502-20220318-100153 r,ff' \\,‘ chroma Ogram' It can

Q) msrres ve01 YS02 20220318 114514 11 ‘]1‘ be seen that the

Q iErs- H3-H23-20220515-100932 . “l; ; .‘I|} |nter|or Of the p|pe||ne
@) FmxeEEl-H126-H125-20220604-102121 A -’_;”‘ .

) 5155 HOB-HO7-20220624- 174208 4 /{, ke genera“y 900d' bUt

the interface has more
serious problemes,
such as leakage at 8

2
© 12 M1 20210016005019 \‘\\//

© 1146 MH148

© w150 mHIs2

Q) raims-vS08-Y502-20210319-080005 TIBEE: 85mm AR 6147 Acm?
M 2mm IKBREHR 43S -22.3% meterS.

Q@ renunsvs08-vs02 20210319-124537
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PIPEPROF s bRty S i ;
o ~ JR e % BEs 2 =1= 7

2 smen B sk |G skttt |8 Hssi
ODE#BEI ) = :
I mmm | R (15142/29961) @ At 24 meters, the

s | m 2o g,
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Through the panoramic view, we can clearly see that this problem exists at almost every joint
of the pipeline, and all have been repaired. Each pipe section is in good health. This is
something that cannot be directly observed using current CCTV.
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