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1
An indication, generated by non-destructive examination of an
irregularity or deviation from sound weld or base pipe material, which 
may or may not be an actual flaw

Angle in flat plane related to the north direction, counting clockwise

A partial collapse of the pipe due to excessive bending, or 
compression associated with soil instability, landslides, washouts, 
frost heaves, earthquakes, etc.

Induced bend during joint manufacturing

Induced bend during pipeline construction

Special factory bend

Inspection of a pipeline from the interior or exterior of a pipe

Single section of pipe that is welded to others to make up a pipeline

Bend to the left when looking downstream into the pipe

  An in-line inspection with a tool that uses inertial sensing or other 
technology to collect data that can be analyzed to produce an 
elevation and plan view of the pipeline route

  Vertical bends downwards

A system of pipes and other components used for the transportation 
of products between plants. A pipeline extends from pig trap, or, if no 
pig trap is fitted, to the first isolation valve within the plant boundaries 
or a more inward valve if so nominated.

Angle of inclination to a flat surface

  Bend to the right when looking downstream into the pipe

  Vertical bend upwards

Geometrical measure of deformation representing the relative 
displacement between particles in a material body, i.e. a measure of 
how much a given displacement differs locally from a rigid-body 
displacement

The average amount of force exerted per unit area. It is the internal 
resistance a material offers to being deformed and is measured in 
terms of the applied load.

Device that is driven through a pipeline for performing various internal 
activities (depending on the pig type) such as separating fluids, 
cleaning or inspecting the pipeline

The path a tool follows through space

Ripples or smooth localized bulges that occur on the inner radius of a 
pipe when the pipe is constructed with cold bents

  Determining 3D geographical pipeline coordinates using an inertial 
navigation unit

DEFINITIONS
Anomaly

Azimuth

Buckle

Factory bend

Field bend

Hot bend

Inspection

Joint

Left bend

Mapping inspection

Over bend

Pipeline

Pitch

Right bend

Sag bend

Strain

Stress

Tool

Trajectory

Wrinkles

XYZ inspectio

Y p i g e XYZ ction
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2 ABBREVIATIONS
RoGeo ROSEN Electronic Geometry Tool

RoGeo Xt ROSEN Extended Geometry Tool

3 APPLIED METHODOLOGY

3.1 Bending strain and curvature
A detailed description for this method will be described below. The equations for calculating bending strain 
are derived and all definitions concerning this method are described. In addition, the way of detecting 
bending strain and reporting of suspicious areas are defined.

3.1.1 Bending strain model
A pipeline is a system that might consist of a huge variety of components, such as joints, bends and traps. 
For bending strain analysis, the pipeline is modeled as straight tube which can be bent under an external 
force. Factory and field bends are assumed to exist. Bending strain areas are places where bends go over 
welds. Installation areas are outside the scope of bending strain analysis. The calculated bending strain 
values are based upon linear elongation of the material.

3.1.2 Bending strain
When a pipeline is bent, the outer side of the pipe will be longer than the central axis of the pipeline and 
the inner side of the bend will be compressed. There is a relation between the maximum elongation or 
compression and the amount of bending of a pipe [2]. In figure 3.1 a bent pipeline is shown. The bending 
part can be estimated by analyzing the curvature of this tube. Assuming the neutral axis is located at the 
axial centerline of the tube, it has a length of 

Rlo

Curvature equivalent radius is defined as

1][mR  (3.1)

Curvature is defined as

22
hv  (3.2)

The total curvature can be separated in a vertical and a horizontal curvature 

ds
d pitch

v )cos( pitch
azimuth

h ds
d

 (3.3)

Bending strain is defined as
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%100
2
kDb (3.4)

This results in a vertical and horizontal strain 

2
D

vv and
2
D

hh .  (3.5)

Figure 3.1: A bent tube

Positive vertical and horizontal strain values respectively mean over- and right-bends and negative values 
sag- and left-bends. When that bending strain area is expressed in total strain and o’clock position, then 
the time points to the elongated part of the strain which is opposite of the bend direction.

3.1.3 Elongation strain

The result of pipeline movement is a change in trajectory. This results in bending strain areas and into a 
difference between original and current trajectory length. When the elongation is assumed to be uniformly 
distributed over the moved section, then the strain can be calculated via:

%100
old

oldnew
e l

ll
 (3.6)

l0 

R
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3.1.4 Total strain
Bending and elongation strain are both defined in longitudinal direction. Assuming elastic conditions, 
these two corresponding values can be combined to yield

ebt  (3.7)

For bending strain analysis only the bending strain are calculated. In a pipeline movement area both 
bending and elongation strain are calculated.

3.2 Pipeline movement
Pipeline movement assessment is a method to determine the change of trajectory between two mapping 
inspections. This can be a comparison between the reported as built trajectory and the first XYZ
inspection or a comparison of two successive mapping inspections performed with several years between 
inspections. This comparison shows the changes in direction between the two moments of inspection. 
Ongoing movement will not be detected.  

3.3 Parameters

ol Length of the centerline of the affected trajectory

][rad Angle which is formed by the bent tube

][mR Radius of the curvature

Curvature

h Horizontal curvature

v Vertical curvature

D Outer diameter of the pipeline

][ms The tool log distance

][rad The tool heading

][radazimuth The tool azimuth heading

][radpitch The tool inclination

b Bending strain

e Elongation strain

h Horizontal bending strain

v Vertical bending strain

newl Length of the affected trajectory after pipeline movement

oldl Length of the affected trajectory before pipeline movement

t Total strain
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1 INTRODUCTION 
This document defines the ROSEN accuracy specifications for the in-line inspection (ILI) with the ROSEN 
XYZ Mapping Tool. It follows well established definitions applicable specifically to pipeline inspection, 
mainly found in “Specifications and Requirements for Intelligent Pig Inspection of Pipelines” formulated by 
the Pipeline Operators Forum (POF), version 2.1 (November 1998), version 3.2 (January 2005) and 
version 2009 (January 2009).

Further information about a particular in-line inspection tool can be provided as part of a particular 
inspection project. This information will be compliant with POF 2009 and will be derived from the specific 
pull-test certificate and the individual tool data sheet.

2 XYZ MAPPING

2.1 Accuracies
Accuracies for Differing Tie-Point Distances and Velocities

Values are given for a 
certainty level of 80%

Tie-Point-Distance
1000 m 
(3300 ft.)

2000 m
(6500 ft.)

4000 m
(13 000 ft.)

10 000 m
(33 000 ft.)

25 000 m
(82 000 ft.)

50 000 m
(164 000 
ft.)

Velocity 0.5 m/s
(1.6 ft./s) 

0.7 m
(2.3 ft.)

1.0 m
(3.3 ft.)

2.0 m
(6.6 ft.)

5.0 m
(16.0 ft.)

15 m
(49.0 ft.)

30 m
(98.0 ft.)

1.0 m/s
(3.2 ft./s)

0.5 m
(1.6 ft.)

0.7 m
(2.3 ft.)

1.0 m
(3.3 ft.)

5.0 m
(16.0 ft.)

15 m
(49.0 ft.)

30 m
(98.0 ft.)

3.0 m/s
(9.8 ft./s)

0.5 m
(1.6 ft.)

0.7 m
(2.3 ft.)

1.0 m
(3.3 ft.)

5.0 m
(16.0 ft.)

15 m
(49.0 ft.)

30 m
(98.0 ft.)
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3 BENDING STRAIN / CURVATURE DETERMINATION 

3.1 Accuracy
Bending strain accuracy (for strain values < 2%) 0.02%

3.2 System Sensitivity

Strain Strain equivalent 
radius

Curvature Curvature equivalent 
radius 

0.02% 2500 D 0.0007 rad/m (0.023 rad/ft.) 1400 m (4593 ft.)

4 PIPELINE MOVEMENT
External influences, for example landslides or earthquakes, can cause the pipeline to move from its 
original position. This change in position can be detected by comparing the pipeline trajectory from 
previously acquired inspections and the current XYZ in-line inspections. In these areas bending strain will 
appear. The bending strain indication is an important contribution to the pipeline movement detection and 
sizing.

4.1 Accuracy

Minimum pipeline movement detection threshold: 0.2 m (0.66 ft.)

Tie-in point distance Accuracy
1000 m (3281 ft.) 0.40 m (1.31 ft.)
500 m (1640 ft.) 0.30 m (0.98 ft.)
250 m (820 ft.) 0.20 m (0.66 ft.)
100 m (328 ft.) 0.15 m (0.49 ft.)

Minimum Tie-in point distance for pipeline movement detection is 50 m (164 ft.)
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5 LOCATION AND ORIENTATION CAPABILITIES
Log distances are determined based on direct measurements by an odometer system on the tool. Further 
corrections e.g. using marker locations may apply.

Axial position accuracy from reference marker 1:1000
Axial position from closest weld ±0.1 m (±4")
Circumferential position accuracy ±5°

The axial positioning accuracy is based on following conditions:
• Distance between u/s and d/s marker/reference point < 2000 m (6560 ft.)
• Actual above ground distance to both u/s and d/s marker/reference points to be measured and

correlated
• Negligible difference between pipeline and soil contour

6 SYSTEM CAPABILITIES

6.1 IMU Specifications

Gyro Accelerometer
Bias 1°/h 300
Random walk 0.3°/sqrt (h) 40
Scale factor error 300 ppm 500 ppm
Misalignment 0.25 mrad 0.25 mrad
Resolution 0.005°/s 100

7 IDENTIFICATION OF FEATURES 
Probability of Identification (POI) in accordance with XYZ Mapping unit.

Feature Yes
POI > 90%

No
POI < 50%

May be
50% POI 90%

Out of straightness / bending strain X
Pipeline movement X
Bends X
Weld bend start and -end X

girth welds X



ROSEN · page 6 of 6

8 NOTES CONCERNING PERFORMANCE 
SPECIFICATIONS 

8.1 Notes
The specifications provided for the ROSEN XYZ Mapping Tool are applicable where run conditions, tool 
velocity, pipe grade, pipe cleanliness, sensor operation, and data recorded are within the established 
parameters for the specific XYZ Mapping Tool used in each inspection survey. These parameters are 
provided in the Tool Data Sheet included in each Final Report. Variations from the established parameters 
may result in reduced data quality or modification of the performance specifications. Also the tie-in point 
DGPS coordinate accuracy as well as coordinate transformations (to special coordinate systems) may 
affect the XYZ data accuracy due to error propagation. A minimum of two tie-in points between launcher 
and receiver site are required. Additionally, launcher and receiver themselves must be used as tie-in 
points.

8.2 Comparison with other ILI results
Based on the location, identification and sizing performances specified for each system, inspection results 
can be compared to repeat runs with the same tools or other supplier’s tools as outlined in the American 
Petroleum Institute, Pipeline Segment, Standard 1163, In-line Inspection Systems Qualification Standard, 
Appendix E, First Edition, August 2005.

9 ABBREVIATIONS 
d/s Downstream
ILI In-Line Inspection
IMU Inertial Measuring Unit
POI Probability of Identification
SI International System of Units
Tie-Point Used reference/marker point with XYZ co-ordinates
u/s Upstream
XYZ Easting, northing, height; latitude, longitude, height co-ordinates




