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Review of Taylor et al. "Evaluation of low-cost Raspeberry Pi sensors for
photogrammetry of glacier calving fronts"

Taylor et al. present a Raspberry Pi system for capturing time-lapse images and producing
glacial photogrammetry measurements. Alongside UAV surveying, the Raspberry Pi
system is used to produce SfM models of a calving glacier in Iceland to evaluate its
potential uses in glaciology. The study effectively shows the value of this system to the
glaciology community, producing accurate SfM models and demonstrating its applications
in operational monitoring of glaciers. I recommend publication of this work after minor
corrections, with my main comments regarding the scope and focus of the paper, and the
inclusion of a more extensive reference list. I was really excited to review this paper when
I saw the request for reviewers, and it did not disappoint. Congratulations on an
interesting paper that was very enjoyable to read.

Main comments

1. The use of the word photogrammetry in the title is slightly mis-leading given that much
of the focus is on the application of the Raspberry Pi system in Structure-from-Motion
(SfM). Photogrammetry more typically refers to traditional methods of scale factoring,
tracking and georectification. SfM is a newer method that, although falls under the
umbrella term photogrammetry, should be more clear here to avoid ambiguity. This is not
to say that the Raspberry Pi system cannot be used for more traditional photogrammetry
techniques (and you clearly demonstrate that it can), but given that the focus of the paper
is on its SfM applications the title should be changed to reflect this. In addition, there are
instances in the Introduction (L19, L59, L61, and L79) where the term "photogrammetry"
should be changed to "SfM" as you are referring to specific SfM techniques.



2. In the Abstract and Introduction (e.g. L8-10, L31-34), it is stated that this work will be
useful for monitoring small mountain glaciers in land-terminating settings and GLOF
events. I think the scope of the authors' work reaches beyond this and is also very
valuable for the monitoring of marine-terminating glaciers, where ice ballistics and
tsunamis generated from calving are a major hazard to bystanders and cruise ships. The
Discussion and Conclusion more effectively demonstrates the use of the Raspberry Pi
across different glacier settings and for a variety of applications, however, I would like to
see this also expressed in the Abstract and Introduction.

3. The main advantage of the Raspberry Pi system stated throughout is that it is cost-
effective compared to off-the-shelf time-lapse camera systems (e.g. L12, L48, L63).
Whilst I agree that this is a cost-effective system, I think the main advantage of this
system is that it has greater capabilities and adaptability than a standard off-the-shelf
system. Such a system can have more sophisticated programming and functionality. Not
only will near-real-time monitoring be an option, but also near-real-time processing of
images, which could technically be conducted on-site in the Raspberry Pi - this could mean
that light-weight processed data (e.g. GLOF water level, ice velocity, terminus position,
supraglacial lake area etc.) could be transmitted rather than the bulky image data. This
capability is seldom found in a typical DSLR camera, or provided by time-lapse installation
distributors. I think this is more clearly explained in the Discussion section of the paper,
however, I would like to see these advantages focused on in the first sections, rather than
its cost-effectiveness.

4. I would like to see more previous glacial photogrammetry work referred to throughout
the paper. The literature is heavily weighted to UAV studies, and I would like to see more
terrestrial time-lapse papers referred to, given that this is the main application of the
Raspberry Pi system. I have provided many in the minor comments and reference list at
the end of this review, and I would also like to see others added by the authors.

Minor comments

L8-10: See major comment #2 regarding broadening the scope of the paper, and not just
focusing on land-terminating calving glaciers. You could include more examples here of
hazards caused by calving, such as ice ballistics, tsunami waves and iceberg collapses.

L12: High equipment costs are just one reason that monitoring systems are difficult to
implement. Monitoring systems are challenging to set up as well because of the lack of
infrastructure (e.g. cell/Iridium coverage) for near-real-time data transmission, and
challenges in implementing tracking/detection with fully-automated workflows. See main
comment #3.

L18: "Raspberry Pi cameras represent..." >> "Raspberry Pi cameras present..."



L28-34: Same as comment on L8-10 (see main comment #2)

L35: Calving rate can not only be calculated through iceberg detection, but also by
knowing the ice velocity and terminus change (e.g. Luckman et al., 2015; Schild et al.,
2018; and many others)

L37: "smaller mountain glaciers" >> "calving glaciers"

L43: Measured glacier velocities from oblique time-lapse images are three-dimensional
measurements, transformed from the image plane to three-dimensional space through the
process of georectification. Equally, two-dimensional areas of calving events have proved
a good measure of calving event size (e.g. Bunce et al., 2021; Holmes et al., 2021).
Therefore, I think the statements that single stationary cameras have limited 2D
measurements and offer little in the detection of calving magnitude is misleading and
should be corrected.

L45: Whilst multi-camera, Structure-from-Motion set-ups are ideal for constraining calving
volumes, the physics of a calving event can also be captured with high-temporal-
resolution single time-lapse sequences (e.g. Holmes et al., 2021).

L48: I think that while start-up costs for UAV surveying are indeed expensive, it can
become cost-effective in the long-term (as long as the UAV is maintained correctly and is
not damaged). Personnel and fieldwork logistics are likely the biggest costs, which are
common across most glaciology research with a fieldwork component. The value of the
Raspberry Pi system is that it could reduce the number of re-visits, as data could be
processed and transmitted in an automated manner rather than downloaded on-site. See
main comment #3 regarding the cost-effectiveness of the Raspberry Pi system.

L54-56: There are many more examples and applications where DSLR cameras have been
positioned at glaciers to capture a plethora of glaciological measurements (e.g. glacier
velocities, supraglacial lake change, snow coverage/snowline positions, crevasse tracing,
terminus position change, calving). Please include more examples, starting with the
reference list at the end of this review (see main comment #4).

L62: Other monoscopic photogrammetry toolboxes in glaciology: ImGRAFT (Messerli and
Grinsted, 2015), EMT (Schwalbe et al. 2017), and Pointcatcher (James et al., 2016)

L63: I think the trail cameras from the Kangerlussuaq set-up by Mallalieu et al. (2020)
were not very expensive, so please consider changing this statement.



L80: "incorporating low-cost sensors in glacier monitoring systems." >> "incorporating
low-cost, high-functionality sensors in glacier monitoring systems."

Table 1: Please include camera focal lengths, to indicate how you arrived at the horizontal
field of view (FOV) angles. In the case of the Canon Rebel T5, you could provide the focal
length of the kit zoom lens, 18-55 mm. I'm actually surprised that the Raspberry Pi FOV is
so narrow, given that the lens has a small focal length (16 mm).

L120: I see you interchangeably refer to the system as "Pi" and "Raspberry Pi". I would
suggest sticking with one to be consist through the paper.

L130: Whilst I like this figure, I would like to see the field photos alongside an annotated
photo/diagram of the Raspberry Pi system, outlining the key components. I would suggest
removing photo B and replacing it with a close-up photo of the Raspberry Pi that clearly
shows the system.

L149: What is the accuracy of the RTK system?

L154: "high quality points clouds" >> "high quality point clouds"

L155: What is a mild filter in Agisoft Metashape? Is this a low-pass smoothing correction?
If you could define the filtering method then it should be included here.

L214: I think this is the first instance that the acronym "SfM" is used. Please can you
define this earlier in the manuscript, the first time you use the term "Structure from
Motion (SfM)" in the main body, and then use "SfM" throughout the rest of the
manuscript.

L245-L252: Camera positioning is often a big limitation in glaciology studies given that
you have to fit the set-up to the environment you are working in (e.g. working around
proglacial lakes, inaccessible areas and differing ground stability). Therefore, positioning
cameras at precise heights and angles is sometimes not possible. In fact, the majority of
glacier photogrammetry studies have cameras positioned above the glacier front in order
to yield the most accurate data (e.g. Holmes et al., 2021; How et al., 2017; Medrzycka et
al., 2018; Schild et al., 2016) - please include more examples to demonstrate that many
studies have adopted this approach.

L254-260: What are these alternate methods? Can you give some examples of where



alternate methods have been used, and do they yield measurements that are as accurate
as GCPs? My understanding is that precise GPS positioning has been used as a good
alternative to GCPs in UAV studies (e.g. Chudley et al., 2019; Jouvet et al., 2019), but not
so confidently in terrestrial SfM studies (e.g. Mallalieu et al., 2019). I think the Raspberry
Pi set-up also has applications in broader photogrammetry and not just SfM studies. That
being said, GCPs are essential for oblique terrestrial photogrammetry (e.g. a single time-
lapse camera placed on land at a calving front) because the camera pose (i.e. its angular
position in the real world environment - yaw, pitch, roll) has to be estimated from GCPs
(Messerli and Grinsted, 2015; Schwalbe et al., 2017) in order to produce an accurate
projection model. Additionally, GCPs are an effective way to define and constrain the error
of the projection model (How et al., 2020). I think this is an interesting point and you are
correct in tackling it here, but perhaps there is scope to open this up to a bigger
discussion.

L264-273: I think you are discrediting your Raspberry Pi system too much here! Yes, the
spatial coverage of a terrestrial camera is limited compared to a UAV; however:
1. Terrestrial cameras can be placed higher up on the glacier tongue in certain settings to
capture processes such as ice flow, crevasse propagation, and lake drainage (e.g. How et
al., 2017; Fahrner et al., 2021) 
2. A key advantage is that it can be placed in the field for long periods of time and
produce much longer, higher-temporal-resolution time-series
Additionally, this Raspberry Pi system has the potential for operational monitoring in an
automated manner. It is highly unlikely that the glaciology community will ever be able to
use UAVs operationally in an completely automated manner (i.e. no pilot).
 
L288: "timelapse" >> "time-lapse". This is the convention adopted by the glaciology
community generally, so please also change all other instances of this.

L294-315: This is a great two paragraphs for showcasing the advantages of your
Raspberry Pi system. I think you have conveyed its potential in operational monitoring
very clearly. Please can you include more examples of potential applications in glaciology
to demonstrate the potential of its far-reaching impact, specifically in the section
L295-300; such as monitoring GLOFs (e.g. Muslow, Koschitzki and Maas, 2015),
supraglacial lake drainage (Danielson and Sharp, 2013), iceberg tracking (Kienholz et al.
2019), grounding line position (Rosenau et al., 2013), and seasonal snowline migration
(Messerli et al., 2022)
  
L330-345: I think another recommendation should be that whilst SfM-generated models
can be produced without GCPs, it is advisable to collect GCPs in order to produce accurate
photogrammetric measurements from a Raspberry Pi system (especially if only using a
single system instead of an array of systems)
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