
                                                                    

University of Dundee

Development of a Dundee Ground Truth imaging protocol for recording indoor crime
scenes to facilitate virtual reality reconstruction
Yu, Sang-hun; Thomson, Grant; Rinaldi, Vincenzo; Rowland, Chris; Nic Daeid, Niamh

Published in:
Science & Justice

DOI:
10.1016/j.scijus.2023.01.001

Publication date:
2023

Licence:
CC BY-NC-ND

Document Version
Publisher's PDF, also known as Version of record

Link to publication in Discovery Research Portal

Citation for published version (APA):
Yu, S., Thomson, G., Rinaldi, V., Rowland, C., & Nic Daeid, N. (2023). Development of a Dundee Ground Truth
imaging protocol for recording indoor crime scenes to facilitate virtual reality reconstruction. Science & Justice,
63(2), 238-250. https://doi.org/10.1016/j.scijus.2023.01.001

General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

 • Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain.
 • You may freely distribute the URL identifying the publication in the public portal.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 23. May. 2023

https://doi.org/10.1016/j.scijus.2023.01.001
https://discovery.dundee.ac.uk/en/publications/954a0318-d860-417c-adfe-77a2c3a254ef
https://doi.org/10.1016/j.scijus.2023.01.001


Science & Justice 63 (2023) 238–250

Available online 20 January 2023
1355-0306/© 2023 The Authors. Published by Elsevier B.V. on behalf of The Chartered Society of Forensic Sciences. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Technical Note 

Development of a Dundee Ground Truth imaging protocol for recording 
indoor crime scenes to facilitate virtual reality reconstruction 

Sang-hun Yu a,b,*, Grant Thomson b, Vincenzo Rinaldi b, Chris Rowland a, Niamh Nic Daeid b 

a Duncan of Jordanstone College of Art & Design, University of Dundee, United Kingdom 
b Leverhulme Research Centre for Forensic Science, School of Science and Engineering, University of Dundee, United Kingdom  

A B S T R A C T   

Early and accurate visualisation of a crime scene is highly desirable such that a rapid, agile, and informed decision-making process can be undertaken by an 
investigative team. We present a new standard operating procedure for imaging an indoor scene using DSLR cameras conventionally used by crime scene in-
vestigators and examiners. The standard operating procedure (SOP) enables the systematic photography of indoor spaces in such a way that the Structure from 
Motion (SfM) photogrammetry technique can be implemented, allowing the scene to be recreated in Virtual Reality (VR). To demonstrate the method’s validity, we 
compare two VR-rendered representations of an example scene using (a) photographs taken by an experienced crime scene examiner using a conventional photo-
graphic method and (b) photographs taken by a novice photographer following the developed SOP.   

1. Introduction 

Complex crime scene investigations often require both an interdis-
ciplinary and multiagency approach where concise forensic strategies 
are necessary for the early stages of the investigation that incorporates 
and defines operational parameters of various forensic practitioner 
disciplines in a clearly communicated plan. The key to effective planning 
is for all participants to have as clear a visual perception as possible of 
the context and relationship of areas of interest within the scene, as well 
as assessing potential host surfaces or items suitable for recovery of 
items of potential interest to the examination. 

While the direct observation of the scene enables an initial assess-
ment to be formulated by a first responder, a more detailed and defin-
itive non-destructive scene assessment is almost always essential when 
investigating serious and complex crimes. However, such examinations 
can increase the risk of contamination or loss of potential information 
unless carefully planned out in detail. Scene preservation is essential to 
prevent evidence from being altered, damaged, destroyed, tampered 
with, or otherwise contaminated through climatic, environmental or 
human actions. Similarly, the investigator’s actions and any items 
recovered as potential evidence must be documented in situ prior to 
recovery and then appropriately packaged as part of the Chain of Cus-
tody process [1]. 

Strategic decision-making regarding sequential actions across mul-
tiple expert practitioners and the organisation of these activities is 
paramount to maximising the opportunities for the recovery of potential 
evidence. The initial imaging of a scene is essential in enabling such 
forensic strategies to be discussed and developed. 

Currently, the most common photographic equipment used by crime 
scene investigators (CSIs) in the United Kingdom (UK) for scene 
recording includes DSLR or video cameras [2–4]. These tools are limited 
in the richness of information they can provide, often lacking the ability 
to place materials into a 3-dimensional context and, in particular, in 
facilitating accurate measurements of the location of items within the 
scene. 

SfM photogrammetry can reconstruct scenes or objects in 3D using 
overlapping images [5]. Along with laser scanning and Light Detection 
and Ranging (LiDAR) techniques, photogrammetry has been used in 
various fields, including architecture, engineering, museum archiving, 
archaeology and the entertainment industry [5]. Recent studies have 
demonstrated that photogrammetry can produce accurate and detailed 
3D reconstruction models where source images are captured using 
consumer-grade cameras [6–8]. Photogrammetric reconstruction pro-
cesses digitise and store images, enabling the scene to be reconstructed 
in Virtual Reality, allowing users to walk through the space without the 
risk of disturbance. The presented SOP leverages the use of DSLR 

* Corresponding author. 
E-mail address: s.yu@dundee.ac.uk (S.-h. Yu).  

Contents lists available at ScienceDirect 

Science & Justice 

journal homepage: www.elsevier.com/locate/scijus 

https://doi.org/10.1016/j.scijus.2023.01.001 
Received 8 July 2022; Received in revised form 10 January 2023; Accepted 15 January 2023   

mailto:s.yu@dundee.ac.uk
www.sciencedirect.com/science/journal/13550306
https://www.elsevier.com/locate/scijus
https://doi.org/10.1016/j.scijus.2023.01.001
https://doi.org/10.1016/j.scijus.2023.01.001
https://doi.org/10.1016/j.scijus.2023.01.001
http://creativecommons.org/licenses/by-nc-nd/4.0/


Science & Justice 63 (2023) 238–250

239

cameras due to their current employment in the standard equipment for 
scene investigators to reduce the initial investment cost of its 
implementation. 

With advancements in computer science and remote sensing, crime 
scene investigators and specialist examiners are actively attempting to 
incorporate 3D scanning techniques into scene preservation and 
recording [9]. Similarly, the use of VR as a tool for supplying augmented 
user experiences across professional groups is increasing [10,11]. Vir-
tual reality recreates realistic images and sounds to provide a high level 
of immersion and enhanced presence in a virtual environment. Owing to 
the latest progress concerning comfort and computational power, stand- 
alone headsets such as Meta Quest have recently gained considerable 
popularity [12], expanding the application area of this technology. 

Advancements in this technology open new opportunities for VR 
implementation, beyond training and competency testing, as a tool for 

the scene investigative process. To competently introduce VR into pro-
fessional crime scene investigative workflows, it is essential to develop a 
validated, cost-effective and systematic scene capture method capable of 
delivering a photographic record to enable a VR representation of the 
scene to be rendered. Standardised procedures are critical to develop the 
confidence of use to the investigators, accreditation bodies and legal 
authorities. 

2. Methodology 

2.1. Image capture protocols 

A full-scale simulated complex crime scene, Fig. 1, measuring 433 ×
340 cm, was prepared as part of a practitioner training exercise. The 
scene was photographed by two camera operators, an experienced crime 
scene investigator and a novice photographer without prior experience 
in scene examination. 

2.2. K Model 

The experienced crime scene investigator photographed the scene 
using their traditional scene recording protocol known as the ‘K model’, 
which is presented in Fig. 2. A DSLR camera (Canon EOS 5D Mark III) 
equipped with a 20 mm lens (Canon EF20mm f/2.8 USM) lens was 
employed to take the images. Images were captured at three different 
heights (“high”, “medium”, and “low”) at each camera position. The 

Fig. 1. Plan of the scene.  

Fig. 2. K model camera position. Arrows indicate the approximate positioning and orientation of the camera at the time of the capture.  

Table 1 
Image capture.  

Variable K model Dundee GT protocol 

Camera Canon 5D Mark III Canon 5D Mark III 
Lens 20 mm 8 mm fisheye 
Aperture f 8 f 10 
ISO 6400 100  
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photographer operated the camera without using a tripod or flash and 
with a fast shutter speed, where the aperture and ISO values varied 
according to the lighting condition of the scene. 

2.3. Dundee ground truth (GT) protocol 

A novice photographer with no crime scene training photographed 
the same environment using the devised standard operating procedure, 
the Dundee GT protocol, presented in full in Appendix 1. According to 
the presented SOP, the photographer operated a Canon EOS 5D Mark III 
DSLR camera equipped with a Canon EF8-15 mm f/4L FISHEYE USM 
lens on a 360-degree panorama head mount (Neewer 360-degree 
panoramic gimbal tripod head), fitted on a tripod and without a flash. 
The SOP dictated the positioning and orientation of the camera to obtain 
the desired set of photographs at different angles, resulting in a framing 
overlap of 60–70 % in the direction of the camera movement and 25–40 
% in elevation. The SOP also determined the aperture setting (f10), 

which delivered the sharpest images. 
Table 1 presents the specifics of the image capture process. Fig. 3 

shows the camera positions over a top-down view of the scene. 

2.4. Images 

The K model and Dundee GT protocol produced a collection of RAW 
files. RAW is an uncompressed, lossless image file format. 

2.5. Reconstruction 

RAW files were first converted into low-compression JPEGs to allow 
utilisation in the photogrammetry software (Agisoft Metashape soft-
ware, version 1.6.3.10732). Photographs captured using the two 
methods were processed using identical workflows and settings 
(Table 2), enabling a direct comparison of the outcome. The recon-
struction process aligned the set of images and generated the 3D model 
for the virtual reality representation. 

3. Results and discussion 

The Dundee GT protocol included the use of a tripod, removing the 
requirement of a fast shutter speed, whereas optimisation of the aperture 
value to capture sharp images was necessary. Appendix 1, sections 
3.7–3.9, outlines details of the method and settings within the protocol. 
The K model was designed to enable handheld shooting using a fast 
shutter speed. To mitigate the handshake and vibration of the camera, 
an aperture value (f8) and higher ISO value (ISO 6400) were adopted, 
which caused a noticeable depth of field and a greater level of digital 
noise as a drawback for obtaining sharp images. Consequently, the 
photographs produced using the K model exhibited poorer quality when 
compared to the set generated using the proposed method. This differ-
ence in the image quality was evident when comparing the average 
image quality and the total number of tie points identified by the 
photogrammetry software (Table 3). 

The photographer adopting the K model took a higher number of 
images (107 photographs) compared to the Dundee GT protocol (86 
photographs) due to the narrower field of view of the 20 mm lens. The 
images obtained led to poor image overlap and resulted in fewer tie 
points.1 

The total image capture of the K model (8 min and 31 s) took a 
shorter time than that of the Dundee GT protocol (22 min and 29 s), 

Fig. 3. Top-down view of the 3D models generated using SfM. The arrows mark the direction of the photographs when capturing images at the test scene.  

Table 2 
Photogrammetry settings.  

Attributes K model Dundee GT protocol 

Alignment accuracy Highest Highest 
Key point limit 50,000 50,000 
Tie points limit 0 0 
Depth map quality High High 
Depth map filtering mode Mild Mild 
Texture blending mode Mosaic Mosaic 
Texture size 8,192 8,192  

Table 3 
Properties of the reconstructions using the K model and the Dundee GT protocol 
inside the photogrammetry software.  

Variable K model Dundee GT protocol 

Total Images / aligned images 107 / 101 86 / 86 
Average image quality estimation 0.72 0.86 
Photogrammetry tie points 26,190 78,681 
Image acquisition time 8 m 31 s 22 m 29 s 
Image conversion time 2 m 03 s 2 m 03 s 
Image alignment time 1 m 47 s 1 m 24 s 
Depth map generation time 4 m 05 s 5 m 04 s 
Mesh generation time 2 m 46 s 1 m 41 s 
Texture generation time 9 m 38 s 9 m 29 s 
Total production time 29 m 49 s 42 m 10 s  

1 A tie point is a match between a key point detected in two (or more) 
different images and is used to obtain the key point’s coordinates in 3D space. 
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Fig. 4. Photogrammetric 3D meshes are produced using the K model (left, a-b) and the Dundee GT protocol (right, c-d). The grey region highlights the gaps in 
the model. 

Fig. 5.  

Fig. 6.  

Fig. 7.  

Fig. 8.  
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despite generating more images (Table 3). The K model’s fast shutter 
speed and handheld shooting allowed the photographer to complete the 
imaging of the room more rapidly compared to the Dundee GT protocol. 
This was because, in the Dundee GT protocol, the fixing of the tripod at 
the designated location introduced a longer setup time, and the selected 
aperture value resulted in a slower shutter speed to avoid compensation 
through high ISO values. Notwithstanding the shorter acquisition time 
and the increased number of photographs, the lack of overlap in the 
images resulted in markedly poorer wholeness of the geometry gener-
ated using the K model compared to the 3D mesh produced by the 
Dundee GT protocol image set (Fig. 4). 

Fig. 9a.  

Fig. 9b.  

Fig. 10.  
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4. Conclusion 

Applying technologies that are rapidly emerging in other sectors 
provides an opportunity to accurately capture crime scenes and recreate 
them as an immersive digital representation. The implementation of 
virtual reality technology enables sharing of access to the crime scenes, 

providing an unparalleled opportunity to bring expertise to the ’site’ to 
guide investigations. However, of paramount importance to the process 
is that the crime scene documentation occurs accurately and systemat-
ically so that the recording and creation process associated with using 
VR is validated and the quality assurance required for use in the justice 
process is maintained. The purpose of creating the presented image 
capture protocol is to enable imaging of the scene in the earliest stages of 
an investigation to exploit photogrammetric scene reconstructions that 
can assist as a decision-making tool and, potentially, serve as an effective 
communication tool in courts. The standard operating procedure pre-
sented in this work provides a starting point for this process. 
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Appendix 1 

Dundee ground truth (GT) protocol for generating images suitable for the 
development of a virtual reality representation of an indoor scene 

Standard operating procedure version 1.0 [26.07.2022] 
1.0 Scope: 
1.0.1 This protocol is a workflow developed to systematically 

photograph indoor scenes to facilitate using the SfM (Structure from 
Motion) photogrammetry technique to enable the scene to be recreated 
in 3D to facilitate the use of virtual reality (VR) representation of the 
scene. The Standard Operating Procedure (SOP) involves the use of a 
DSLR camera with a wide-angle (Fisheye) lens. 

1.0.2 The protocol enables photographers to document indoor scenes 
rapidly and accurately using optimised settings and devices. 

1.0.3 Outdoor scenes are out of scope. 
2.0 Device list: 
2.1 Mandatory equipment. 
2.1.1 Camera - Full frame / cropped Digital single-lens reflex (DSLR) 

cameras, for example, a Nikon D5300 DSLR camera (which this SOP is 
based upon) or similar. 

2.1.2 Lens - Ultrawide angle (8–15 mm) fisheye lens for DSLR, for 
example, Samyang 8 mm fisheye lens or similar. 

2.1.3 Tripod 360-degree − 360-degree panoramic gimbal tripod 
head for DSLR, for example, Neewer 360-degree panoramic gimbal 
Tripod head (which this SOP is based upon) or similar. A standard ball- 
type tripod head can also be used with an angle finder. 

2.1.4 Tripod standard - Lightweight tripods for DSLR with invertible 
centre column, for example, Vanguard Alta Pro 263AB 100 tripod or 
similar. 

2.1.5 Remote shutter release - Any remote shutter releases compat-
ible with the camera can be used, although the maximum range and the 
sensor detection angle need to be considered carefully, for example, the 
Hahnel Captur shutter release or similar. 

2.1.6 Measuring tools - Tape measure, laser range finder, or similar. 
Smartphones with AR (augmented reality) measuring apps also can be 
used. Recommended Android apps are AR Zone – Quick measure (Gal-
axy Store- Samsung smartphones only); A Ruler. Recommended IOS 
apps are IOS Measure - iPhone SE and iPhone 6 s or later / iPad (5th 
Generation or later) and iPad Pro / iPod touch (7th generation); 
AirMeasure. 

2.1.7 Camera accessories - SD cards (main + spares); professional- 
grade SD card (64 GB storage, UHS Speed Class 3, Video Speed Class 
V30) or higher, spare camera batteries and charger. 

2.1.8 Camera cleaning kit for DSLR - Lens cloth; Screen cleaner; 
Camera cleaning brush; Air blower; Sensor cleaning swabs. 

3.0 Optional equipment. 
3.0.1 Standard mini tripod for DSLR, for example, manfrotto 

MTPIXI-B PIXI mini tripod. 
3.1 Basic Camera Settings. 
3.1.1 The scene documentation process requires optimised camera 

settings. This Standard Operating Procedure describes the camera setup 
process based on a Nikon D5300 camera (firmware version 1.03). 
Equivalent settings apply to other camera bodies. 

3.2 Formatting SD card. 
3.2.1 The photogrammetry documenting process generally produces 

approximately 100 photos and requires a reformatted memory card 
before starting the documentation process. 

3.2.2 Switch on the camera. 
3.2.3 Press the Menu button on the back of the camera, use the Multi 

Selector button to choose Setup Menu, then press the OK button to select 
the Format Memory Card option. 

3.2.4 Select Yes, then press the OK button. 
3.3 Image format. 
3.3.1 On the Menu screen, select the Shooting Menu option using the 

Multi Selector button, then press the OK button to select. 
3.3.2 Select the Image Quality option, then press the OK button. 
3.3.3 Select NEF (RAW) option, then press the OK button. 
3.3.4 On the Shooting Menu option, select NEF (RAW) Recording 

option and set it to 14 bits (the highest bit rate option possible). The 
advantages of shooting RAW are 100 % quality image files without 
compression, higher dynamic range, and fail-safe – the possibility to 
recover information through post-process. 

3.4 White Balance. 
3.4.1 On the Shooting Menu option, select the White Balance option 

and press OK. 
3.4.2 Set White Balance to PRE–Preset Manual. Do not use Auto or 

any other pre-sets option. Once the white balance of the captured images 
is consistent across the collection, successive colour calibration using 
specialised software is recommended. 

3.5 Release mode. 
3.5.1 On the Shooting Menu option, select the Release Mode option, 

then press OK. 
3.5.2 Set the release mode to Single frame if the remote shutter 

release device is available. Should a remote shutter release be unavai-
lable, usage of the 2 Seconds (2S) Self-timer mode is advisable. 

3.6 Optimisation of the aperture setting of the lens/camera. 
3.6.1 The optimal aperture value may differ depending on the 

camera and lens brand, therefore, optimisation of the camera-lens setup 
is necessary to determine the optimal aperture for photographic capture. 

3.7 Aperture test setup. 
3.7.1 Set the Basic Camera Settings (section 3.2–3.5). 
3.7.2 Mount the camera on the tripod. 

Fig. 31.  

Fig. 30.  
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3.7.3 Place at least three test objects at different distances from the 
camera. The first object should appear at the closest focus distance from 
the camera lens (30 cm for Samyang 8 mm lens). Place the remaining 
objects further away from the camera at increasing distances of 
approximately 1 m from each other. 

3.7.4 Set the camera aperture to the lowest value (F3.5 for Samyang 
8 mm lens) and photograph the objects. 

3.7.5 With the camera position and angle locked on the tripod, vary 
the aperture using the Command Wheel to 1 step down (F3.5 → F4.0) 
and take a new photograph of the objects. 

3.7.6 Repeat step (3.7.5) until the aperture value reaches its highest 
value (F22 for Samyang 8 mm lens). 

3.8 Reviewing aperture test photograph set. 
3.8.1 Press the Menu button on the back of the camera > Playback 

Menu > Playback display option > press the OK button. 
3.8.2 Highlight the Shooting data option and press the right arrow 

button on the Multi-Select button to check the tick box > press OK. 
3.8.3 Press the Playback button to go into Image Review mode. 
3.8.4 Select the first photograph of the photoset in the image review 

mode using the Multi Selector button (Pressing the magnifier ‘–‘ button 
to change the image view mode to the Tile view mode may help arrange 
the images in chronological order). 

3.8.5 Zoom in on the photographs using the magnifier ‘+’ button to 
review the point of interest. 

3.8.6 Use the Command Dial to switch photographs with aperture 
variation. 

3.8.7 Zoom out on the photographs using the magnifier ‘–‘ button to 
see the whole picture. 

3.8.8 Repeat step 3.8.4 to 3.8.7 until you find the best quality 
photograph from the photoset. 

3.8.9 Press the OK button on the best-quality photograph after the 
reviewing phase. 

3.8.10 Press the down arrow on the Multi-Select button to display the 
Shooting Data and the aperture value. 

3.9 Aperture Priority Auto. 
3.9.1 The sharpness of all subjects in photographs is the most 

important part of scene documentation protocol using the fish-eye lens. 
Due to the nature of fisheye lenses, the aperture does not produce a 
noticeable depth-of-field effect, but it does affect sharpness. Therefore 
the aperture value that produces the sharpest image is required. 

3.9.2 Turn the Mode Dial on the top side of the camera and set the 
mode to Aperture Priority Auto mode (A). In this mode, only the shutter 
speed will change according to the exposure level. The aperture value 
remains fixed. 

3.9.3 Set the aperture to the optimal value as determined in 3.7 and 
3.8. 

3.10 ISO Speed. 
3.10.1 ISO is a camera setting that refers to sensor sensitivity, 

causing photographs to be brighter or darker. Using a higher ISO value, 
the image will result in noticeable digital noise. In average to low 
lighting conditions, it is still possible to use a low ISO value and brighten 
the photograph via a long shutter speed to minimise the digital noise if 
the camera is fixed on a tripod. 

3.10.2 Press the Information button (i) on the back of the camera to 
enter the information display mode. 

3.10.3 Use the Multi Selector button to move the cursor to select the 
ISO section and press the OK button. 

3.10.4 Set ISO value to 100 (minimum value). 
3.11 Metering. 
3.11.1 During the documenting process, it is frequently necessary to 

manually adjust the exposure level under extreme lighting conditions. 
The Spot Metering mode combined with the Focus Point allows the 
photographer to control the exposure level by moving the Focus point 
without altering the aperture value, shutter speed and ISO value. 
[NOTE: The Samyang 8 mm fisheye lens used in this SOP is a manual 
focusing lens, therefore, the software cannot amend the focus point by 

selecting any part of the framing. Should the lens of choice have an 
autofocus function, the focus should be set to infinity (∞) and the focus 
mode set to manual)]. 

3.11.2 Press the Information button (i) on the back of the camera. 
3.11.3 Select the Metering option using the Multi Selector button, 

then press the OK button. 
3.11.4 Set the Metering option to Spot Metering. 
3.12 Installing a Remote Shutter Release. 
3.12.1 Remote shutter releases are recommended. A tethered type 

release may limit usage, for example, when the camera position is set at 
floor level or in case the photographer needs to move away from the 
camera. 

3.12.2 The setup is demonstrated for a Hahnel Captur remote release. 
Alternative remotes, such as the Nikon ML-L3 Wireless Remote Control, 
also suit the purpose. Maximum range and sensor detection angle also 
need to be carefully considered. 

3.12.3 Mount the Receiver to the camera hot shoe, then tighten the 
knob (Fig. 5). 

3.12.4 Connect the N3 shutter release cable to the camera body 
(Fig. 6). 

3.12.5 Connect the 2.5 mm jack to the Receiver body (Fig. 7). 
3.12.6 Turn on the Receiver and the Transmitter (Fig. 8). 
3.12.7 If the Transmitter and Receiver are not synchronised, turn off 

the power on both devices. Keep the shutter button of the Transmitter 
down and switch the transmitter on; the green light on the LED will 
flash. Release the button on the Transmitter and press and hold the 
button on the Receiver and switch the Receiver on; the red light on the 
LED will light up. Release the button on the Receiver. 

3.13 Wi-Fi mode (as an alternative to a Remote Shutter Release). 
3.13.1 Should the camera firmware allow remote connection from a 

smartphone, a companion mobile app may also enable remote shutter 
release (Wireless Mobile Utility (WMU) app by Nikon for Nikon 
cameras). 

3.13.2 This type of connection provides a live view from the camera 
using the inbuilt Wi-Fi, potentially draining the battery of the camera 
and the smartphone. Taking each photograph using the WMU app takes 
longer as a preview of the captured photograph will be transmitted to 
the smartphone after each image capture. 

3.13.3 Press the Menu button on the back of the camera and select 
Setup Menu using the Multi Selector button. 

3.13.4 Select the Wi-Fi option, then press the OK button. 
3.13.5 Set the Network connection mode to Enable. 
3.14 Connect the Smartphone (Android / IOS) to the Camera. 
3.14.1 Launch the Google Play Store (Android) / Apple App Store 

(IOS) on the smartphone. 
3.14.2 Search and Install the app for the camera being used (for 

example, ‘Nikon Wireless Mobile Utility’)’. 
3.14.3 Go to the Wi-fi setting of the smartphone. 
3.14.4 Connect to Wi-Fi network named (for example, ‘Nikon 

_WU2_************).’. 
3.14.5 Open the ‘WMU’ app on the phone. 
3.14.6 Choose the ‘Take Photos’ option to connect with the camera. 
4.0 Background to Camera Positioning. 
4.0.1 The Dundee GT protocol is designed to maximise the coverage 

of the captured images and minimise missing data in the 3D recon-
struction. A systematic approach produces minimum incursion into the 
scene during the documentation process. 

4.0.2 Take a set of photographs in all directions from each camera 
position (Fig. 9(a)), in a nodal pan (lateral movement of the camera to 
the right or left) fashion, so that no parallax (an apparent shift in the 
position of an object due to a shift in the position of the observer camera, 
which is the key element of photogrammetry) will be generated. 

4.0.3 Parallax will be generated in a subset of the photoset. These 
occur with the photographs which directly face each direction within 
the scene Fig. 9(b). 

5.0 Protocol operating procedure. 
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5.0.1 It is recommended that the entire operating procedure is read 
through prior to implementation to understand all the steps and 
necessary adjustments fully before starting any image collection. 

5.1 Initial scene inspection. 
5.1.1 Using the grid method (Fig. 10(a), 10(b)), a common approach 

pathway, which will be used to set the camera position, must be 
established. 

5.1.2 In the example presented, each grid spacing is approx. 60 cm ×
60 cm (Fig. 10(a)). The cross-over points of the grid are the potential 
positions for the camera to be placed during scene photography 
(Fig. 10b). 

5.1.3 Adjust the camera positions if (i) they would compromise 
physical evidence in any way, (ii) the camera position is set under 
minimum focus distance of the lens, (If scene restrictions force the 
camera position to be less than the focal length away from the wall then 
no images need be taken towards it). For example, the red circles in 
Fig. 11 require adjustment. 

5.1.4 Add additional camera points to compensate for any adjust-
ments which may have been made to ensure full scene capture. Addi-
tional camera points are in orange in Fig. 12. 

5.1.5 Given the amended set of camera locations, set a common 
approach path into the scene based on the finalised camera position in 
order to move easily and with minimal disruption to the scene (Fig. 13). 

5.1.6 Measure landmarks and objects which have noticeable and 
recognisable features, such as the width and height of a door, window 
panel, and the position of radiators (Fig. 14) when navigating the scene 
using the devised approach path. 

5.2 Camera positions. 
5.2.1 The SOP considers two camera levels, eye level and ground 

level. 
5.2.2 Three camera tilt positions compose the capture at the eye 

level: +30 degrees upward, parallel to the ground, and − 30 degrees 
oblique to the ground. 

5.2.3 At the ground level, an upward position (+30 degrees) is used 
to capture the images. 

5.3 Initial preparation. 
5.3.1 Verify that the camera main and spare batteries are fully 

charged. 
5.3.2 Verify that the remote shutter release battery level and ensure 

the spare batteries (AA) are available. 
5.3.3 Clean the camera and lens using a Camera cleaning kit. It may 

be necessary to repeat the cleaning process periodically. 
5.3.4 Verify that the camera focus ring is set to infinite (∞) before 

taking each photograph. 
5.4 Attaching the camera to the tripod. 
5.4.1 Attach the camera plate to the bottom of the camera. Verify 

that the camera plate is firmly fixed (Fig. 15). 
5.4.2 Mount the Camera onto the Quick Release Clamp of the tripod. 
5.4.3 While mounting the camera on the clamp, adjust the position of 

the camera plate to align the joint between the camera body and lens to 
the pivot point of the Degree Rotator of the gimbal head (Fig. 16). 

5.4.4 Tighten the knob on the Quick Release Clamp. 
5.4.5 Check the overall weight balance of the camera on the gimbal 

head (Fig. 17). 
5.4.6 Tighten the knob of the Upper Rotator. 
5.5 Checking the camera rotation. 
5.5.1 Check the rotation of the camera by rotating the camera up-

ward 30 degrees and checking that the gimbal is fixed in angle 
(Fig. 18a). Repeat the process by tilting the camera downward 30 de-
grees and verify the gimbal is steady (Fig. 18b). 

5.5.2 Should the gimbal not remain firm at the set angle, repeat steps 
5.4.5 and 5.4.6 to adjust the centre of gravity. 

5.6 Adjusting the exposure manually. 
5.6.1 For photographs taken through the protocol, inaccurate expo-

sure of the photographs may occur due to uncommon lighting condi-
tions. In such cases, manually adjust the exposure using the focus point 

function. 
5.6.2 Using the Spot metering setting (see section 3.11), exposure 

can be adjusted manually by moving the focus point using the arrow 
keys on the multi-selector button. Due to the nature of the fisheye lens 
used (the Samyang 8 mm fisheye lens is a manual focus lens), the focus 
does not change. The position of the adjusted focus point can be checked 
through the viewport or LCD in live view mode. 

5.6.3 Adjusting the focus point to a location with neutral brightness 
can help improve the exposure of an image if it was shot underexposed 
or overexposed. This technique can be helpful in difficult lighting con-
ditions where it is difficult to measure the proper exposure accurately. 

5.6.4 Do not place the focus point on a light source, such as a window 
or lamp, or on a dark area of the image, such as a shaded area which can 
cause problems with exposure metering. 

5.7 Eye-level image capture. 
5.7.1 The Eye level image capture requires taking 12 photographs at 

each camera location to be performed in a sequence (4 directions in each 
position, 3 angles per direction). 

NB: It is recommended to set a systematic routine and repeat it at 
each camera position to minimise potential errors during image capture. 

5.7.2 The height of the tripod needs to be set to approximately half 
the height of the room. For example, if the ceiling is high 300 cm, the 
camera should be located 150 cm above the floor (Fig. 19). 

5.7.3 When entering the scene, set the direction facing the front wall 
as the starting direction (A), Fig. 20. 

5.7.4 Move the tripod with the camera attached to the first camera 
position, with the camera facing wall A. 

5.7.5 Rotate the camera to point upwards at 30 degrees and take a 
photo. This angle captures the detail of the ceiling and surroundings 
(Fig. 21). 

5.7.6 Rotate the camera so that it is parallel to the floor at wall A and 
take a photograph. This angle captures vertical walls and details 
(Fig. 22). 

5.7.7 Rotate the camera to point downwards at 30 degrees and take a 
photograph. This angle captures the details of the floor and surroundings 
(Fig. 23). 

5.7.8 Using the Lower Rotator of the gimbal head on the tripod, turn 
the angle of the camera 90 degrees clockwise to face wall B, as shown in 
Fig. 16. If the distance from the wall is under the nominal focusing 
distance of the lens, the shots toward that direction can be rejected. 

5.7.9 Repeat steps 5.7.5 to 5.7.7 with the camera facing wall B. 
5.7.10 Using the Lower Rotator of the gimbal head on the tripod, turn 

the angle of the camera 90 degrees clockwise to face wall C, as shown in 
Fig. 16. If the distance from the wall is under the nominal focusing 
distance of the lens, the shots toward that direction can be rejected. 

5.7.11 Repeat steps 5.7.5 to 5.7.7 with the camera facing wall C. 
5.7.12 Using the Lower Rotator of the gimbal head on the tripod, turn 

the angle of the camera 90 degrees clockwise to face wall D, as shown in 
Fig. 16. If the distance from the wall is under the nominal focusing 
distance of the lens, the shots toward that direction can be rejected. 

5.7.13 Repeat steps 5.7.5 to 5.7.7 with the camera facing wall D. 
5.7.14 Using the Lower Rotator of the gimbal head on the tripod, turn 

the angle of the camera 90 degrees clockwise to aim wall A. Fig. 24 
shows the overall capture directions. 

5.7.15 Move the camera with the tripod to the next camera position 
identified in 5.1.5, repeating the steps from 5.7.5 to 5.7.14 at each 
position. 

5.8 Floor-level image capture. 
5.8.1 The documentation at floor-level necessitates the camera be 

positioned as close to the floor as possible, using a mini tripod or regular 
tripod with a downward mount position, and take a single shot with a 30 
degrees angle upward facing the four directions A, B, C, and D. 

5.8.2 To accomplish this, the tripod needs to be overturned. This is 
not necessary if a mini tripod for DSLR is available. 

5.8.3 Detach the camera from the tripod (Fig. 25). 
5.8.4 Unscrew the knob on the tripod base to release the centre 
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column (Fig. 26). 
5.8.5 Press the safety pin at the bottom of the centre column to 

separate it from the tripod body (Fig. 27). 
5.8.6 Reverse the centre column to position the gimbal head down-

wards and insert the central column from the bottom of the tripod base 
(Fig. 28). 

5.8.7 Adjust the length of the legs to lower the gimbal head to reach 
the minimal height from the floor (Fig. 29). 

5.8.8 Mount the camera onto the gimbal head (Fig. 30). 
5.8.9 Referring section 5.7.3 to 5.7.4, locate the camera in the first 

position facing wall A in the scene. 
5.8.10 Rotate the camera to point upwards to an angle of 30 degrees 

and take a photograph. This angle ensures maximum coverage from the 
floor to ceiling at ground level (Fig. 31). 

5.8.11 Physical construction of the tripod may limit or forbid hori-
zontal rotation while shooting in a down-mounted position. Thus, it 
could be necessary to lift the tripod to aim at the desired direction. 

5.8.12 Hold the camera pointing 30 degrees upwards, lift and yaw 
the tripod 90 degrees clockwise to face direction B and take a 
photograph. 

5.8.13 Hold the camera pointing 30 degrees upwards, lift and yaw 
the tripod 90 degrees clockwise to face direction C and take a 
photograph. 

5.8.14 Hold the camera pointing 30 degrees upwards, lift and yaw 
the tripod 90 degrees clockwise to face direction D and take a 
photograph. 

5.8.15 Yaw the tripod 90 degrees clockwise to face direction A. 
5.8.16 Move the tripod with the camera iterating through the 

remaining camera positions. Repeat steps from 5.8.10 to 5.8.15 at each 
position. 
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