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Accuracy testing of the NCTech iSTAR
Measurement Module

The iSTAR 360° camera in combination with
the iSTAR Measurement Module provides a
solution for rapid and intuitive point-to-point
measurement based on photogrammetric
techniques using pairs of panoramas with a
known offset, directly within the immersive
workspace. iSTAR can rapidly provide HDR 360°

images automatically in just one shot and can
be set to capture a single exposure, five or up
to nine exposures automatically. A project was
undertaken to establish the optimal workflow
and to evaluate the level of accuracy that can be
expected at different measurement distances
and orientations.
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The NCTech iSTAR camera combined with the NCTech Measurement
Module provides the possibility of measuring directly within an
immersive panorama workspace. This capability to rapidly capture
the environment and then measure later is ideally suited to situations
requiring rapid measurement, while avoiding the need to remember
all the desired measurements when on site.
01. Software installation
02. NCTech iSTAR data capture
03. Office work
04. Results
05. Evaluation of accuracy
06. Conclusion
07. Acknowledgements
08. References

01. Software installation
Installing NCTech ImmersiveStudio:
https://www.nctechimaging.com/immersive-studio/

Img. 02.01. Lower position iSTAR pair station. Tripod levelled.

Installing NCTech Measurement Module:
Supplied in a SDK form for 3rd party developers to integrate in their
own platforms

02. NCTech iSTAR data capture
02.01. PLANNING CAPTURE STATIONS.
Very little planning of capture strategy is required other than taking
into account the position of the camera in relation to the features
to be measured to ensure they appear in the images clearly. To
achieve the best results you should consider the following general
recommendations:

•
•
•

Measurements taken in the same plane as the image will
generally be better than in an orthogonal direction to it.
The closer the camera is to the object, the clearer the image
and the higher the number of pixels representing the object,
therefore accuracy is generally increased.
Avoid taking measure points in positions or views that are
unclear otherwise accuracy will likely be reduced.

02.01. CAMERA SETTINGS.
There are no special image capture considerations when using the
NCTech Measurement Module, simply use iSTAR as normal with the
most suitable settings taking into account scene light conditions.
However, notice that HDR is likely to be the best option in most cases
since you only will be able to measure what you are able to see.

Img. 02.02. Upper position iSTAR pair station. Tripod levelled. 60 cm
between camera positions.

02.01. PHOTO CAPTURE.
The NCTech Measurement Module is based on photogrammetry pairs.
A known vertically offset pair of images is therefore needed from
each station. The measurement computation expects an exact known
offset so it is critical this is set as accurately as possible. In order to
maximise offset accuracy a tripod with precision pole has been used.
General workflow per pair station:
1. Level the tripod with iSTAR in the ‘down’ position and capture.
2. Raise iSTAR up to the pre-established offset ‘up’ position
without moving the tripod horizontally, then capture.
Furthermore, ensure that iSTAR does not rotate between
upper and lower capture positions due to any pole rotation.

Img. 02.03. Tripod precision pole set up to 60 cm.
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03. Office-work

04. Evaluation of accuracy

03.01. PROCESSING iSTAR DATA IN NCTECH IMMERSIVE STUDIO.
Firstly, it is necessary to process iSTAR data using NCTech Immersive
Studio to produce the required stitched panoramas. Each camera
has been carefully calibrated in highly controlled conditions during
manufacture by NCTech, and each camera has its own calibration file.
NCTech Immersive Studio uses the iSTAR lens deformation parameters
from the calibration file to assist accurate stitching. Processing
images in NCTech Immersive Studio therefore means the user
benefits from this precision calibration when iSTAR images are used
for any precision applications or processes. Stitching is possible in 3rd
party software however we strongly recommend use of Immersive
Studio for the above reason.

Several measurement pairs corresponding to the same scene in
different positions and distances were performed in order to evaluate
the level of accuracy that could be achieved by using iSTAR and the
NCTech Measurement Module.

Img. 03.01. NCTech Immersive Studio interface.
To process iSTAR raw data in Immersive Studio, just drag and drop the
corresponding folders for each capture on to the Immersive Studio
window or, browse to the corresponding Input Directory. As default,
the Output Directory is set the same as the selected Input Directory,
but can be easily changed by clicking on dots button. For further
information about Immersive Studio visit https://www.nctechimaging.
com/immersive-studio/

Firstly, two scenes were captured using several pair stations at two
different distances. In the analysis, “FAR” is used for those pairs
which are placed furthest and “CLOSE” for those which are closer.
Each pair formed with two images is named with a number (01, 02...).
The first scene corresponds to a door church; which provides the
opportunity of evaluate different planes of orientation.

Img. 04.01. Immersive view with measurement lines in the NCTech
Measurement Module corresponding to “Measurement pair 01” in the
“ChurchCLOSE” scene.
In the second scene we can analyse the comparative accuracy
depending on camera position in relation to the building facade we
want to measure.

03.02. ACCESSING MEASUREMENT INFORMATION FROM iSTAR STEREO
PANO IMAGE DATA.
The iSTAR Measurement Module itself is supplied in a SDK form for
3rd party software developers to integrate into their own platforms,
thereby giving their users access to taking measurements with
iSTAR. Although NCTech has a test platform which was used to extract
measurement information for the purpose of this accuracy analysis
(and shown in the screen capture images in this Application Note), it
does not issue a generally available measurement application. The
iSTAR Measurement Module functionality is therefore only accessible
through integrated 3rd party software.
The specific user interface and operator workflow is not pre-defined
in the Measurement Module SDK. These elements are therefore
unique to each 3rd party integrator as they are developed according
to their own preference.
Further Application Notes will be released outlining the workflow and
user function for each Measurement Module integrated partner.
The basic operation of taking measurements from stereo-pano
images, however, has some standard steps which are outlined here:
• Select stereo pano images (‘up’ and ‘down’ image from same
x,y location, no rotation)
• Input camera offset between the ‘up’ and ‘down’ images
• Pick the start and end point of the desired length
measurement in pano 1
• Pick the start and end point of the same desired length
measurement in pano 2
Length computation is essentially instant and can be reported back to
the operator as defined within the 3rd party UI.

Img. 04.02. Immersive view with measurements in the NCTech
Measurement Module corresponding to “Measurement pair 01” in
“StreetCLOSE” scene.
The same measurement lines were taken in all pairs in the NCTech
Measurement Module and compared with real-world measurements
taken in-situ using a tape measure (named as “True Measurements”).
Measurement pairs are shown in the pictures. Note that each pair
is represented in the following images with only one photo since
measurement lines are the same in both images of the same pair.
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ChurchCLOSE Pair01

ChurchFAR Pair01

StreetCLOSE Pair01

StreetFAR Pair01

ChurchCLOSE Pair02

ChurchFAR Pair02

StreetCLOSE Pair02

StreetFAR Pair02

ChurchCLOSE Pair03

ChurchFAR Pair03

StreetCLOSE Pair03

StreetFAR Pair03

ChurchCLOSE Pair04

ChurchFAR Pair04

StreetCLOSE Pair04

StreetFAR Pair04

StreetCLOSE Pair05

StreetFAR Pair05

Img. 04.03. and Img. 05.04. Measurement scenes in the NCTech
Measurement Module corresponding to the “Measurement pairs”
tested for ChurchCLOSE/FAR.

Thus, “ChurchCLOSE” scene images are taken from aprox 4.50 m
distance whereas it increases up to aprox 8.00 m for “Church FAR”.
Aprox distances corresponsding to “StreetCLOSE” and “StreetFAR”
are 4.00 and 12.00 m. These two scenes allow us to test and explain
certain variables which can affect the final measurement accuracy
results:

Img. 04.04. and Img. 05.04.Measurement scenes in the NCTech
Measurement Module corresponding to the “Measurement pairs”
tested for StreetCLOSE/FAR.

04.01. RELATIONSHIP OF DISTANCE - ACCURACY

04.02. USER MANUAL POINT SELECTION

Considering the results in the scene named as “Church CLOSE” an
accuracy with error from 0.10 to 1.18% on average was achieved. The
majority of error results ranged from 0 to 0.5 cm, with two cases with
errors of 0.9 and 0.7 cm. Note that some pair stations had errors over
1.1 cm, “Pair Station 02” for “82 true measured value” had an error of
1.2 cm or “Pair Station 03” for “51 true measured value” had a 1.4 cm
error, with the exception of “226 true measured value” which had
errors over 1.1 in almost all pair stations.

Nevertheless, some higher errors have been obtained and must be
considered. Although measurements corresponding to “226 true
measured value” remain with errors around 0.60 % in both distances
(ChurchCLOSE/FAR scenes), the error values are over the common
ones (0.10-1.1%, 0-0.9 cm). In this case, the step border is not clearly
defined so it is difficult to select the exact same point in the pair of
images. This is apparent from the higher errors on this measured
point in all pair stations, where as the other stair step (192.5 true
measured value) doesn’t show the same issue.

As shown in the “Church FAR” scene data error values range from
0.16 to 1.1 % on average, except for a 2.04% value where increase was
given by just one station and a 4.58% which has higher error values
in all pair stations. In general, most values fit into the error range
0-0.5 cm, with three exceptions of 0.6, 0.7 and 0.8 cm. One higher
error of 2 cm for “38 true measured value” in “Pair Station 04” which
can be discarded from our average since it’s just produced in one
station. Error values corresponding to “51 true measure” and “226
true measure” are also over 1.1 cm.
As observed, the average % error (0.10-1.1%) and the general error
values (0-0.9 cm) largely remain in the same ranges, which means
that distance only has a small affect on the system, however it is
known that at further the distance fewer pixels define the same
length, and therefore the higher the possibility of making mistakes
in picking measure points.

Thus, the accuracy potential of the system is highly sensitive to
accurate selection of the same point in both pair images by the user,
which also explains the aforementioned error for isolated pair
stations.
If results corresponding to “51 true measured value” are checked, it
can be noted that they are in-line with the general range values in the
CLOSE scene, although the measurement plane was approximately
90 degrees to the view of the camera.
Thus, orientation itself can be discarded as the main reason for
causing errors in FAR scene, and, as it was explained in the previous
section, distance does not have significant impact on error. However,
a combination of distance and orientation make selecting the same
point in both pair difficult and therefore the error values increase.
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Results obtained from StreetCLOSE/FAR scenes match the
error ranges and explanations given in 05.01 RELATION
DISTANCEACCURACY and 05.02. USER MANUAL POINT SELECTION.

Img. 04.05. Measured error corresponding to
“ChurchCLOSE” and “ChurchFAR” scenes.

Img. 04.06. Measured error corresponding to
“StreetCLOSE” and “StreetFAR” scenes

In addition, two more scenes were analysed to further test the
application under different orientation requirements and around the
10 m distance limit.
One scene to compare measurements perpendicular to the camera
plane with measurements in a parallel plane related to camera view
line, and the other to check the range of error that can be obtained
if we work around the limit of 10.00 m. Furthermore, in the scene
which was used to compare parallel/perpendicular measurements,
measurements were taken at two different ranges of distances to
evaluate that difference in “CLOSE/FAR” conditions.

PerpendicularCLOSE Pair01

PerpendicularFAR Pair01

PerpendicularCLOSE Pair02

PerpendicularFAR Pair02

Limit 10m Pair01

Limit 10m Pair03

PerpendicularCLOSEPair03

PerpendicularFAR Pair03

Limit 10m Pair02

Limit 10m Pair04

Img. 04.07. Immersive view in NCTech Measurement Module
corresponding to the “Measurement pairs” to compare perpendicular/
parallel measurements.

Img. 04.08. Immersive view in NCTech Measurement Module
corresponding to the “Measurement pairs” to check the range of error
obtained working around the limit of 10.00 m.
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In the scene “Limit 10 m” all measures were taken in the same plane
of the wall. This wall is placed nearly 10.00 from the camera.
Based on “Parallel CLOSE/FAR” and “Limit 10m” variables which can
affect the final measurement accuracy results can be added:

Img. 04.09. Measured error corresponding to “PerpendicularCLOSE/FAR” scenes.

Img. 04.10. Measured error corresponding to “Limit10m” scene.
Note that in the scenes “PerpendicularCLOSE” and “PerpendicularFAR”
are not only perpendicular measurements related to the camera view
but also parallel measurements taken to compare them in the same
range of distance.
04.03. ERROR RANGE RELATED WITH THE iSTAR VISUAL DIRECTION.
Considering the results in the scene named as “PerpendicularCLOSE”
an accuracy with error from 0.16 to 0.50% on average was achieved
for parallel measures whereas an error from 0.44 to 0.78% on
average was achieved for perpendicular measurements. All show
error values in the 0-0.5 cm range, which matches the previously
mentioned range and common values (0.10-1.1%, 0-0.9 cm).
If the distance camera-measurement plane rises (“PerpendicularFAR”
scene) results also fits the aforemention error range values (0.101.1%, 0-0.9 cm). Therefore, the results confirm the system is not
highly dependant on iSTAR visual direction. However, the true
measurements of 180 cm and 89.5 “89.5 cm (second ocurrence in
the table) resulted in higher error values, one within perpendicular
view and the other within parallel view, which are a contrast to the
generally level good level of accuracy obtained. Thus, those errors
seem more related with the difficulty for the user to select the same
point in both pair images rather than related to camera orientation.
04.04. ACCURACY AT 10 M DISTANCE.
As shown in the “Limit 10 m” scene data, the average error range is
similar to the common error range values (0.1-1.1%, 0-0.9 cm), with just
one deviation in pair station 03. This evidences that the system is
quite robust to distance of measurement.

05. Conclusion
Rapid HDR immersive views with measurements are obtained by
using the NCTech iSTAR Measurement Module.

Knowledge of photogrammetry techniques is not needed since the
pair distance/camera offset and workflow do not change depending
on scene conditions or distance to the object.
Automatic HDR stitched images are provided. Instead having to use
several software applications or tedious workflow, the user receives
HDR images directly from NCTech ImmersiveStudio (NCTech stitching
solution) with no additional steps in their standard workflow.
High performance output in difficult lighting conditions. iSTAR can
provide high visual quality images in a wide range of lightning
environments thanks to automatic HDR settings and EV equivalent
range of up to 27 f-stops.
Immersive view rapid measurement method. NCTech iSTAR in
combination with the NCTech Measurement Module provides the
opportunity to gain rapid measurements within a whole immersive
view 360° scene using only two images. Measurements on site are
not required.
Typical accuracy¹. Common accuracy range values of 0.1 – 1.1 %
working with NCTech iSTAR Measurement Module have been obtained
with common error values which range from 0 to 0.5 cm, most
commonly under 1 cm. Nevertheless, the system is highly dependant
on the manual selection of the same points in both pair images
by the user. Therefore, any circumstance that affects the correct
selection of the measurement point by the user will increase the
error. On the other hand, the system itself is not highly dependant
on the surface orientation or distance to the object. General speaking
accuracy results obtained are quite competitive and should provide a
compelling solution in certain applications.
For further information about iSTAR or NCTech software visit
www.nctechimaging.com or contact us sales@nctechimaging.com

Only one iSTAR shoot is needed to get an HDR 360°image with five
(HDR ON) or up to nine (HDR PRO) exposure levels. Single exposure
can also be set.
Knowledge of photography techniques is not needed since iSTAR
analyses the whole scene and works out the most suitable camera
settings for the full 360° view.
1 - Noticed the range of errors are based only on the test which are shown in this Application
Notes, which means that could be situations in which the range of error presented doesn’t fit.
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