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The iSTAR 360° camera provides rapid, 
automatic High Dynamic Range (HDR) 360 
degree imaging and can be used as a 
standalone device to create point clouds, 
especially indoors, for complex architecture or 
challenging light condition environments. iSTAR 
can be used to provide HDR imagery with more 
exposure steps and also reduced processing 

and capture time compared to standard frame 
cameras. The aim of this report is to briefly test 
the general Pix4D workflow using iSTAR images 
to create 3D point clouds and/or Digital Surface 
Model (DSM). The results of the project showed 
that iSTAR provides the ability to efficiently 
capture HDR images for point cloud creation, 
even in complex indoor locations.

Point clouds from NCTech iSTAR 360 HDR images
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The aim of this report is to show the workflow used to achieve quality 
coloured point cloud using NCTech iSTAR imaging within Pix4Dmapper.
01. Software installation.

02. NCTech iSTAR features.
03. Photo Capture.
04. General Workflow.
05. Results.
06. Conclusion.
07. Acknowledgements.

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

Installing Pix4Dmapper
https://pix4d.com/

02. NCTech iSTAR features
HDR capabilities: iSTAR HDR capabilities (HDR ON and HDR PRO) enable 
capture of high resolution quality images within low light and high 
contrast environments, where details of shadows and bright areas 
are also captured. This capability means tie points can be matched 
and extracted from shadows and bright areas, meaning the overall 
number of tie points is higher compared to single exposure images 
which typically provide fewer or no tie points in high contrast areas.

Fisheye lenses: iSTAR is mounted with 4 fisheye lenses to enable 
capture of larger areas from the same position in each shot 
compared with a standard lens. As a result, the number of images 
needed is reduced, saving time on site and at the processing stage. 
Furthermore, with fewer images required the computer resource 
needed is also reduced.

360° images: iSTAR captures 360° spherical images (360° x 
137.5° +/- 5°) which covers the whole scene view in each position, 
therefore, problems related with ‘pattern’ are less likely to affect our 
reconstruction. In addition, 360° images provide greater coverage per 
capture than regular frames therefore are more efficient in both time 
on site and data processing.

GPS connection: iSTAR can be connected with external devices for 
geo-location and therefore coordinates will appear automatically 
within EXIF data after image processing within ImmersiveStudio with 
no need of post-processing for image-location data synchronisation. 
In addition, the user can select the most suitable geo-location device 
for the project.

Accurate calibration: each iSTAR is precision engineered to 0.002 
mm and calibrated at a manufacture stage using over 800 survey 
targets in 360 degrees. The user therefore benefits from this accurate 
calibration when working with iSTAR data for point cloud creation 
from image based techniques.

In comparison with standard cameras used for close-range 
photogrammetry, the combination of iSTAR capabilities make it easier 
to virtualise indoor environments, locations where high contrast is 
likely and spaces tend to be small or reduced.

03. Photo Capture
Before loading photos in Pix4Dmapper it is needed to capture them 
and select the most suitable for model reconstruction. Note that a 
good dataset is required in order to automatically produce results 
with high quality and accuracy. Considering general environments 
requirements for Pix4Dmapper performance:

• Avoid un-textured, shiny, mirrored or transparent objects.
• Avoid unwanted foregrounds.
• Avoid moving objects within the scene to be reconstructed
• GPS/IMU/Ground Control Points are not required but 

recommended.

03.01 PLANNING STATIONS

Careful advanced planning of capture strategy is critical as it affects 
the quality of results. The following recommendations should be 
considered:

• Ensure the number of images provide enough coverage to 
avoid blind zones. To reconstruct an area, it is necessary for it 
to be visible in at least two images.

• Generally speaking, image overlap should be 75-85%, 
and even as high as 90% for challenging projects. Check 
the Pix4Dmapper manual for further information on what 
circumstances are considered challenging and therefore 
require higher overlap. https://support.pix4d.com/hc/en-us/
articles/204272989-Offline-Getting-Started-and-Manual-pdf-
#gsc.tab=0

• The object is being reconstructed should take up the 
maximum area of the photograph.

• Adjust the capture strategy considering the type of object 
(linear acquisition, indoors, urban outdoor…) and the project 
purpose and/or requirements.

03.02 CAMERA SETTINGS

ISO value: generally speaking, ISO should be set to the lowest value 
possible to minimise noise in the image. Nevertheless, depending on 
the lighting conditions, a lower ISO value may significantly increase 
exposure time so it could be advisable under such circumstances to 
increase the ISO value.

HDR value: iSTAR can be set as HDR OFF (Single exposure), HDR ON (5 
exposure levels), HDR PRO (9 exposure levels). Generally speaking, 
HDR ON is sufficient for indoor capture. However, where there are 
landscapes, scenes or rooms with higher light contrast, therefore 
requiring a wider range of exposure values, HDR PRO will provide 
better results for building point clouds.

“Capture with current analysis” iSTAR mode: This is a default iSTAR 
setting which activates automatically after taking the first photo. 
When the iSTAR camera takes an image, it first analyses the whole 
scene to establish the appropriate exposure value averaged across 
the 360° degree view. These settings are then saved by default, 
meaning analysis time can be saved between multiple captures 
within similar conditions. However, for scenes with very changeable 
light conditions between shots, the function should be cancelled by 
pressing the green arrow on the top left corner, the new scene is 
then analysed during the next capture.

Img. 03.01. “Capture with current analysis “mode activated.

03.03 IMAGE GEOLOCATION, GROUND CONTROL POINTS AND 
CONSTRAINTS

iSTAR images can be geo-referenced by using GPS external devices 
connected to the camera and therefore the captured coordinates are 
saved as part of the EXIF data with no need for post-processing to 
synchronise GPS-Image capture. The user has the freedom of being 
able to select the GPS device suitable for the need.
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Pix4Dmapper reads information from the EXIF data in order to 
automatically import the coordinates and geo-locate them into the 
software. For further information about how GPS coordinates affects 
project accuracy within Pix4Dmapper check
https://support.pix4d.com/hc/en-us/articles/202558909#gsc.tab=0

Note that if selected GPS refresh rate is lower than the image capture 
rate, more than one image will have the same GPS position and 
the processing may fail or may not correctly calibrate some of the 
images.

Alternatively, Ground Control Points (GCPs) can be used to accurately 
locate, scale and rotate the model and are highly recommended in 
order to improve output accuracy. A minimum number of 3 GCPs is 
required to take them into account during reconstruction although, 
5 GCPs is the recommended amount and having more than 10 GCPs 
does not further contribute significantly to improve the results. If 
no GCPs are used, scale (defining by a line connecting 2 vertices, 
rayCloud>Create>New Scale Constraint) and orientation contraints 
(defining 3 axis, rayCloud>Create>New Scale Constraint ) can be used.

04. General workflow
General iSTAR workflow within Pix4Dmapper doesn’t differ 
significantly from standard, which commonly uses frame images 
instead of panoramas. The aim of this section is to explain the general 
workflow using iSTAR data within Pix4Dmapper.

04.01. PROCESSING PANORAMAS INTO NCTECH IMMERSIVE STUDIO

Firstly, it is necessary to process iSTAR raw data using NCTech 
Immersive Studio. Each iSTAR camera is carefully calibrated in highly 
controlled conditions during manufacture by NCTech and has its own 
calibration file. Processing images within Immersive Studio therefore 
means the user gains the advantage of this precise calibration, 
thus, the error is generally reduced compared to stitching in other 
software. Kolor Autopano Giga can also work with iSTAR data but 
we nevertheless recommend to use ImmersiveStudio, which is 
continuously being improved by the NCTech development team.

NCTech Immersive Studio can set the output image resolution 
automatically or it can be selected from several pre-set options (2K, 
4K or 16 Mpixel). Resolution is known to be directly related to accuracy 
so, it is advised to select the 10K highest resolution option (Auto).

NCTech ImmersiveStudio has a simple and user-friendly interface. To 
process iSTAR raw data into Immersive Studio just drag and drop the 
corresponding folders of each image on the Immersive Studio window 
or, select the corresponding directory. Both options lead to the same 
result. As default, output directory is the same as input directory but it 
can be changed easily by clicking on dotted button.

For further information about how to use ImmersiveStudio visit 
https://www.nctechimaging.com/immersive-studio/

Img. 04.01. NCTech ImmersiveStudio interface.

After processing iSTAR raw data into NCTech Immersive Studio, 
panoramas will appear into an “Output folder” in *.jpg format.

Img. 04.02. Panorama in *.jpg equirectangular format, after processing 
in NCTech ImmersiveStudio.

04.02. NEW PROJECT WIZARD

When iSTAR raw data processing is finished, *jpg panoramas need 
to be imported into Pix4Dmapper. After creating a new project 
(Project>New Project…) the New Project wizard opens to set 
the project folder file location and guide you through the project 
creation process, adding images included. Once the images have 
been selected, click “Next” to pass to the following screen wizard 
corresponding to “Image Properties” wizard window.
Image properties window can also be checked by going to 
Project>Image Properties Editor…

Img. 04.03. Image Properties Editor within Pix4Dmapper. Note that in 
this case shown, images have been captured without geolocation data.

Images Properties window is divided into three sections:

Image geolocation which sets the coordinate systems corresponding 
to the images and the accuracy of image geolocation and therefore 
depending on the accuracy selected, geolocation data will have 
different weight on the reconstruction process. If GPS has been used 
with iSTAR when data capture, images geolocation position has been 
saved within the EXIF data and therefore is loaded automatically by 
Pix4Dmapper.

Img. 04.04. Pop-up window warning displayed within Pix4Dmapper. 
Note this warning will appear if the 80% of image coordinates are the 
same, which also happens when there are no coordinates.
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Note that Step.1 Initial Processing is faster with geolocation and in 
cases without sufficient overlap between images, geolocation helps 
calibrate the images.

Selected camera model which sets and configures the camera model 
corresponding to the used images. Note the iSTAR camera model is 
included within Pix4Dmapper database and therefore no additional 
steps are required.

Image table which displays images with the corresponding properties 
(enabled for consideration during the process, position accuracy, 
coordinates and group).

Finally, select the desired template which best suits the project type 
and purpose in the “Processing Options Template” wizard window 
which can be modified before processing and Finish the New Project 
wizard.

Img. 04.05. Image processing templates at New Project wizard within 
Pix4Dmapper.

04.03. PROCESSING: CAMERA CALIBRATION, POINT CLOUD BUILDING 
AND TEXTURED MESHING

Once the project is created, the “Map View” is displayed by default. 
Processing options corresponding to the previous selected template 
in the “New Project” wizard can now be changed, Process>Processing 
Options or by clicking on the corresponding icon at the left lower 
screen corner. Thus, the main basics steps containing several image 
processing options (which can be processed separately or altogether 
at once) to get a reconstruction with Pix4Dmapper are:

1. Initial Processing. During this step, common points between 
images are found and matched and therefore images are calibrated 
and located in their position. Custom: 1(Original image size) are the 
recommended settings corresponding to General: Keypoints Image 
Scale section.

Img. 04.06. Image processing options for 
1.Initial Processing within Pix4Dmapper.

Img. 04.07. Results after 1.Initial Processing. The 8 images used 
for reconstruction and tie points are displayed at rayCloud within 
Pix4Dmapper.

2. Point Cloud and Mesh: This step builds a point cloud based on the 
matched points from Step.1 and also a mesh based on the point cloud 
gained within this Step.2.

Image Scale:1/2(Half image size) with Multiscale activated is 
recommended for point cloud densification in order to have the best 
average combination of quality results and time taken. Selecting 
1(Original image size) slows down the process but provides better 
results. The minimum number of matches shouldn’t be lower than 
3 since 2 can lead to non satisfactory results. Point density should 
be selected between Low, Optimal or High depending on the project 
requirements although Optimal represents the best option for an 
average combination of quality results and time taken.

Img. 04.08. Image processing options for 2.PointCloud and Mesh: Point 
Cloud within Pix4Dmapper.

Img. 04.09. Results after 2.Point Cloud and Mesh. Point Cloud is 
displayed at rayCloud within Pix4Dmapper.
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Regarding to the textured mesh, Medium resolution is the best 
combination of quality to time taken. However, lower or higher 
resolution settings may be selected depending on the project 
requirements.

Note these recommendations are given for a general / standard 
project but different setting may be more suitable for special and/or 
complex cases.

Once the most suitable settings have been selected, considering the 
project type, purpose and requirement, processing can be launched 
by pressing “Start” at the “Processing bar” where one or more steps 
can be selected.

Img. 04.10. Image processing options for 2.PointCloud and Mesh: 3D 
Textured Mesh within Pix4Dmapper.

05. Results

Img. 05.01. Point Cloud reconstruction using 8 iSTAR images within 
Pix4Dmapper. Settings for Image Scale: 1 (Original image size).

Img. 05.02. 3D textured mesh gained from 8 iSTAR images within 
Pix4Dmapper. Texture settings: Medium.

Coloured point clouds, meshes or intermediate output of the process 
can be obtained using the described workflow in Pix4Dmapper. The 
results showed in this section can be achieved using NCTech iSTAR 
camera with Pix4Dmapper and are automatically saved at directory in 
project folder once processing steps are finished. The project selected 
for this purpose required 8 panoramas in order to reconstruct an 
indoor church apse.

06. Conclusion
Point clouds obtained using iSTAR data for image matching techniques 
adds new advantages compared to data obtained from standard 
frame cameras commonly used for the same purpose:

Only one iSTAR shot is needed to cover a 360 degree environment 
surface, which means saving time against taking a larger number of 
images to cover the same area with a non-360 degree camera.

Larger surface covered per lens. iSTAR fisheye lens permits not only 
covering a 360 view but also a larger area per lens and therefore, the 
number of images needed is reduced.

The number of images needed to accomplish a virtualisation is 
reduced, especially for objects within enclosed spaces, complex 
shapes and/or several surface angles. The number of images also 
decreases where there are challenging lightning conditions because 
of iSTAR’s automatic HDR capabilities.

Time saving on-site and processing. By decreasing the number 
of images needed to virtualise a scene the time consumed on site 
is reduced as also is the time and resource needed to process the 
captured data.

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.

Simple use, minimal training. iSTAR and NCTech software are 
designed to be highly automated and user friendly, minimal training 
is required.
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 range up to 
27 f-stops.

Texture quality. iSTAR whole scene analysis in combination with HDR 
provides models with high quality textures.

Adding extra value. Additional deliverables such as virtual tours can 
be produced form the same source iSTAR images without increasing 
time on site.

Straightforward Pix4Dmapper workflow. Coloured point cloud, mesh 
and/or textured mesh can be automatically obtained following a 
simple straightforward workflow within Pix4Dmapper. iSTAR camera 
model is included within Pix4Dmapper database and therefore no 
additional steps are required.

To conclude, iSTAR capabilities are worth considering it for 
photogrammetry purposes. Especially in low light condition 
environments, indoors, and some complex architecture where iSTAR 
benefits make a difference. The 360° FOV in combination with HDR 
capabilities and highly accurate factory calibration improves the 
workflow and results by reducing capture and process time and 
increasing the tie points detection within challenging light conditions.
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