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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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Pipeline trenchless repair project

The liner size is too small: the liner does not

The liner size is too large: the liner expands and forms
fit the pipe to be repaired J P

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 mﬂﬁ%% e

Upgraded to panoramic lidar

Panoramic lidar

The first one to realize itati quantitative detection, : : :
digital high-definition bal,:ncthed lasir qrantlta.ilr\]/e comprehensive collection of Inspection teChnOIogY IS
elne , etection technology wi high-definition video, fully upgraded to achieve
pipeline inspection centimeter-level accuracy chromatogram, lidar profile millimeter-level high-
map, and comprehensive precision measurement

analysis -
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‘: 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
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190mm height gap X-type electric lift
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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: 598mm Diameter: 1163mm
3128/8244 22847 SACMES S ,;« ontour perimeter: 6.276m 998/1840 i sajour perimeter: 3.671Tm
A Mgter percent: 333.0% o percent: 97.4%

Pe

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

Deposition Width: 294mm T Overflow area: 10614.5cm?
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)

TS




Verification and comparison 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.

gi¥
T

N Through data statistics, it was
| / N e found that there were clear

= dividing lines between different
o SRR , paper layers, and the display
G| | resolution was higher than

25 [T T T
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. Verification and comparison Inspection Robot

HEE.0.00 m HEE 000 m's

2024-05-24 15: 56: 02

HEE-0.00 m HE:0.00 m's
2024-05-24 16: 00: 34

- Chromatogram when three -

Hpng Kong Verlfllcat|on: | 6| oeople are stepping on it 6|
Light-cured repair material for - -
DN60O pipe diameter - -
9 Chromatogram when no one is ¢

I stepping on it and one glove is 7
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Inspection Robot
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& One test, get multiple data:

9E | X RERS
anzs zomes noncs [N @HD video
| ; - @Lidar Profile
@Panorama
@Chromatogram

@Posture data

@No post-processing required
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Inspection Robot

b= cuanh ke s Sk Inspection process:
A b e complete the whole process
g ' 7 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

Video display




Inspection data analysis and output display




High accuracy |idal‘ Inspection Robot

&
X_EASY‘SIG“T ‘ @ Eilgeﬁif\eRgEantitativeAnalysisSystem Gralves Report £ Setting [@] Help @ About

- B Z ,Ir' R £ Woditypata | Adapetect | (5 Defectiist |4  AlDetect ° @ @

Synchronous analysis of

L3 L3 L3
| Pipeline 3D model(1/1854) | Pipe Cross Section IS} Ilda r, pa noramic, Vldeo,
g Demo : :)jf:;_::ﬂm: e B::t:‘:;;:ﬂiligzr;m k‘}' 2D Analyse
| vz e i Lo | I IMU and other data.
Q xro-vs04 v503-20240824 073303 kEJ’ o n
3D Analyse
Q) xrH-v502 VS01-20240826 115603
Q xrH-vs04 v503-20240826 121853 ollo
Chart e H
© si-vs01-20030316-150846 @Lidar profile, chromatogram,
Q 5LLK-013-35 013-34-20241207 173041 &
@ WDYL-YS11-Y512-20210430-161913 Defects panorama, VldeO ||nkage
analysis
Depaosition Width: 104mm ) Overflow area: 11227.8cm? . .
Deposition Height: 2mm Overflow loss: 0.7% @Automatlc Ca Icu |at|on Of

| video Image(27/27916)

Distance1411m/263
- —r - - ‘T“ s
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defect size

@Intuitive and simple

interpretation
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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.
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~: ‘ PIPEPROF
/\ BASY=SIGHT @ Pipeline Quantitative Analysis System
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d E woditypata |8 Adaperect | (G Defectut |4 AlDetect

Intelligent defect analysis

& Map

“ Setting El Help O About ‘
> IO B ®»

Report

L)

| Pipe Cross Section

g Demo

° XFQ-YS02_¥S01-20240824 071051

° XFQ-YS04 ¥S03-20240824 073303

° XFH-YS02 ¥S01-20240826 115603

° XFH-YS04 ¥S03-20240826 121853

° $J-YS01-20230316-150446
I ° SLLK-013-35_013-34-20241207_173041

@ WDYL-VS11-¥512-20210430-161913

Distance: 24.809m
Diameter: 1468mm

Deformation: -2.9%
289/706

Overflow area: 16895.4cm?
Overflow loss: 4.4%

Deposition Width: 313mm
Deposition Height: 17mm

+

| Video Image(2316/5429)

X
Point Cloud
Edit OFF

2D Analyse

Q

3D Analyse

0

Chromatogram Distance:10.69m/57.97m,5 o'clack
!,

File Name/Pipe SN Q O—frprorr

Data Analysis

@Through the conditions set by
the user, the defects are
automatically judged according
to the chromatogram expansion
diagram, panoramic diagram,
etc., and the automatic

identification of various defects

Is supported.




¥ Defect interpretation Data Analysis

@
XEASY'SIG"T‘ :l Eg;eﬁifmggsantitativeAnalysisSystem Analysis &% Map B Report £ seting @] Helb @ About | — X

£ Modiypata |EJ Addpetect | (5 Derectiist | &)  AlDetect

<l

2D Analyse

Q @Automatic

0o guantification (area,

XFQ-YS02_YS01-20240824 071051 i 1—#1 1 Penetration of foreign matter Lidar Frame: 4561

XFQ-YS04 YS03-20240824 073303
Distance: 19.65m

XFH-YS02_YS01-20240826_115603

©
]
©
° XFH-YS04 YS03-20240826 121853
©
©
]

Clock pos: 0710
. Chart
SJ-YS01-20230316-150446 Defect Length: cm Vol ume. s ize)
SLLK-0O13-35_013-34-20241207_173041 Defect Property: Structural E& U
I WDVYL-YS11-YS12-20210430-161913 Defects
Defect Type: [ Penetration of foreign matters v }

|owecms | | | | | e

area=173.9cm? volume=104.1cm?

Remarks:

oor WO @Automatic positioning

[ ] ~ é

¥ 100

[0 Modifying distance value

(distance interval, time

You can also enter 69 characters.

Distance: m Coordinate X: 290 = Coordinate Y: 340 = Background color: -

of day and time of day)

Start Distance: 19.59m

End Distance: 19.72m
. X i = I Spacing: 13cm

14m 15m 16m 17m 18m 19m Clock Pos: 0710

File Name/Pipe SN Q 0




Comparative analysis before and after repair

N ‘ PIPEPROF
A EASYSCIGHT @ Pipeline Quantitative Analysis System

Before repair: ‘XFQ-VSO{VSO1-202408247071051 Jid

After repair: ‘XFH-YSUZ)’SU1-2024082671 15603.lid

Jieda. aiojaq ||

aledas seyy |

Distance:18.47m/26.80m,12 o'clock

:

aedal sayy |

¥ seting [ Help @ About |— X

OC K B ®

Project address: addr (>
| . 2D Analyse
Pipe diameter: 1200mm
Pipe material: Reinforced concrete
3D Analyse
Inspection well TSR
number:
Overlapping ;.\ 2. soom Gt
distance:

] Pipe Cross Section

700/1854 Distance: 10.103m
®©1195mm

685/1800
®1170m/

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
lidar cross-section profile. It
can accurately measure the
thickness of the repair
material.




Data Analysis

o PIPEPROF ! -
/\EASY'SIG“T‘ @P\'pelineQuantitativeAnalysisSystem g¥ Setting @l Help @ About | — X > 2D anaIySIS
Before repair: ‘XFQ-YSDE}SM -20240824 071051 lid ‘

® 0 G [ Bl ®

After repair: ‘XFH-VSOZ)JSM-202408267115603.!1d ‘

It can quickly view the

: PR v ZDE ) video images before and
H Pipe diameter: 12 @y after the pipeline repair,
Pipe n.laterial: Reinforced concrete S th e plpe|ln e
" amber: 1577 chromatogram
om0 90m o expansion diagram, the
i pipeline panoramic
oo Sl b expansion diagram, and

®1170mm

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
®17195mm
685/1800
©1170mm

> 2D analysis - single frame
profile comparison

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
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)
P O can be analyzed.

—



Comparative analysis before and after repair Data Analysis

» Chart Analysis

e P e el Comparative analysis is
—— Pre tpsi paimetei) —— fied prmeteriy 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.

=Y

The value interval can
be set arbitrarily.




Comparative analysis before and after repair Data Analysis

Diagram of wall thickness variation of repair material > Chart AnalySiS
s 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 CUE o | _ contour expansion
i o ' comparison diagram, etc.
The value interval can be
set arbitrarily.

9.0

a0

Travel distance(m)




300

Comparative analysis before and after repair

re repair radius difference(mm) ()

Pipeline Outline Unfalding Comparison Diagram

the thickness 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

. e PIPEPROF : s> ) % -
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1/2044 Bf: 589mm B R MM AO0 KM EH:2024-04-12
[ e S Q EW-£IEHS:YS08-YS02 ®2:EFE(mm): 600N
on, . EEHREBAE EEAL SAED /
@ pNEm eNEd eWARRNAR A0
@Support 3D point
cloud and real scene
map display
e : @3D models can be
FEE: 194mm ISIKBREE: 2722.8cm? PEH:58.55 m ®E:0.00 m/s
R 16mm KBRS 3.7% SR exported as OBJ
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video display




* 2.4 Pipeline Expanded View+

Pipeline expansion diagram

Pipeline . Length of .
YS511-¥5812+ Pipe Size~ B00mm« L 2m= Testing Length+
Segment No« Pipeline Segment-|
Pipeline Types| Rainwater< Pipeline Material=' | Reinforced concrete Burying Depth+ | 3m+ Tested at—
0 o R o ety & g

m Tm 2m m m m m m

0 )()...rrl}‘?.....r."

III|IIII|IIII|IIII|IIII|IIII|IIII|IIiI|IIII|IIII|II'lr]--l1l_'l|"II'lr]l'll'l‘['ll'lr]l'll'l[ll’lr

Bm

Result putput

Pipeline expansion diagram, intuitively showing the internal situation of the pipeline, blue indicates slight sediment

T




Cha I‘t AnaIySiS Result output

Pipeline deformation rate distribution diagram

—— Deformation rate{ss} O Limit deformation rate range (%) -
5o

i I LTI ' ._ |
| VA Ao . My |
U, N e py

L TR | P ol P il i S Y

Traveling distance( m)

Drainage pipe water section loss rate diagram




A N
‘V Comprehensive presentation of defects Result output

v

Defect No.* Defect name Material at joint Defect Grade| 1 Defect Score- 1e Defect No. 2/2 Defect name- Disjunction Defect Grade: 2 Defect Score 3
is falling
- : i Structural Vertical Defect Ci ferential
Defect Naturess| T2 Vertical 19.65me Defect 136ome | Clrcumferential 0711 Defect Nature<| " . " D‘" - 20,69 o e:h 110eme m:m. cren 01042
Defect « Distance < Length+* Position’ e istance ¢ ength- osition:
Sedi tati Sedi tati Defi i Sedimentation . . Sedimentation ) Deformation - . ) o
etmenafon | 308mme mentafion 43m elormation 39% SectionLoss® | 10.8% TH - 17 2 — 12em: T 87% Section Loss- £.1%
Width « Heighi: Rate: eight e
Defect Defect
Description+ Description+

Distance: 20.630m

nce: 19.650m r: 629mm
Ve DlameTer-S@8mm Contout Becimeter: 7.497m
; Contour [t 7.256m Perimeter pedgent: 197.7%
A Perimeter percenty 384.9% 3

showing defects from
multiple angles

0

o | §

1 L 3 — i O
3 — Al x <

._ 65—
6 — i

i 5]
9 — i

1 0 R T
o \\l‘\.\||||||l)|||||| 20m 21m

19m 20m

o R
20m 21lm

L L L B N
19m 2bm




G Application Cases




Application cases L Hongkong

The Drainage Services
Department of Hong
Kong needs to repair
a pressurized sewage
pipe with a length of
about 6KM and a pipe
diameter of DN1200.
Customized liner is
difficult!!




plication cases

‘ @ PIPEPROF
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B EEE I 9
CHEUNG TUNG ROAD HK-CH1800_CH220( | EEHEtEE

< Sl -6.8% PERE: 3.54¢€
CHEUNG TUNG ROAD HK-CH1750 CH165( % HKTest M5 Soem
- 56/820 ) Z=: 1179mm

| W3EEE (1450/16799)

CHEUNG TUNG ROAD HK-CH1750 CH183( o CHEUNG TUNG ROAD HK-CH1800_CH2200-i

CHEUNG TUNG ROAD HK-CH1650 CH150: 0 CHEUNG TUNG ROAD HK-CH1750_CH1650-i

NP

CHEUNG TUNG RD HK-CH1152_CH1050-i ° CHEUNG TUNG ROAD HK-CH1750 CH1830-i

CHEUNG TUNG RD HK-CH1152_CH1364-i% o CHEUNG TUNG ROAD HK-CH1650 CH1502-i

00000000«

CHEUNG TUNG RD HK-CH1364 CH1152-i% o CHEUNG TUNG RD HK-CH1152 CH1050-i%=
CHEUNG TUNG RD HK—CH15027CH13647EI° CHEUNG TUNG RD HK-CH1152 CH1364-i%=
o CHEUNG TUNG RD HK-CH1364 CH1152-4%=

o CHEUNG TUNG RD HK-CH1502 CH1364-i%=

EkETmmEmE: 10932.5cm?
IKETERESE: 3.3%

£25E HEEEE:1.23m/85.33m, 055

|
TITT T TT T[T a T [TIT T T[T T TR T T IT T[T [ IITIr[T
o 2m | am N dm | em




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 Lot
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% FPipe 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




Application cases

o N PIPEPROF . oo, = o

D e | @Eﬁiﬂsmﬁﬁéﬁ wRAE & W kA

2 meex (B owmenx |G swasst (B BEs © & 4 »

&

i | EERmETEE | WSEEE (17382/27916) @ .
o g, In one park, the pipe
1157/1854 BHiZ: 1165mm THEST

A 3.81m ‘Q

@ diameter is DN1200

S

@ and the inspection
ol length is 38m. The
& pipeline has obvious
S disconnection,

undulation, scaling
and other problems.

RE: 286mm EAKBRTET: 10649.8cm?
JURR: 17mm ITKHATENRSESR : 5.8%

e

SEAHRERAE: 5.8%

A =FERE6.41m/26.80m, 0554k
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P &Lk
0B meex B s (O swmt S mes
X FER | @

S meex B wmens (O st |8 S8

EERLDITRR

ESTe wEst ¥ &S

EEEDITRA

O C K Bi ® |smwaon

| #saEER (1287/1389)

| EEkrEtEE

KM 2754.0cm?
IKETEIRSEE . 2.6%

Lay a DN600 water
supply pipeline,
measure the change
in the inner diameter
of the pipeline,
deformation rate, and
other cleaning
measures after laying.
At 12m is the valve
connection pipe,
where you can see
obvious scratches on
the connection pipe
and some distortion.,
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« Application cases
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‘ @ PIPEPROF

O-&ZE - <

@ iElEiREE
@ sEAE—8YS11-¥512-20210430-161913
I © scrrooE-vs93-v592-20210510-104556
@ new 003 2P New
Q s:ames-vs01-v502-20220318-100153
Q iR vS01-¥502-20220318-114514
Q mEEs-134-H33-20220515-100932
D =i Hi126-H125-20220604-102121
@ #5155 HO8-HO7-20220624-174308
Q MH2 MH1 2021091609519
Q MH146 MH148
Q MH150 MHI52
Q emmins-vS08-YS02-20210319-080005
Q rEme-¥S08-¥S02-20210319-124537

) reMnR-YS08-¥S02-20210319-012042

g

It
i
U]
)
il
i

2 sRex

1=

| (& wmgit

| &) BT

| EEHmELEE
Wi -0.4%
464/3022

R 8.020m

HiZ: 885mm

SURER: 85mm
RS 2mm

BB 6147.4cm?
ITKETERSEEE: -22.3%

2

[

BiEE NEEEE7.00m/44.83m,7 =5

L IEUN

Inspection of DN800
pipeline, length 45
meters.

From the
chromatogram, it can
be seen that the
interior of the pipeline
is generally good, but
the interface has more
serious problemes,
such as leakage at 8
meters.
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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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