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management applications 
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Abstract 

First vehicle in emergencies (FIVE) is an unmanned ground vehicle (UGV) prototype developed University of the Andes. FIVE 

has been designed to provide situational awareness where parts of the disaster area are inaccessible by rescue personnel. 

Although FIVE has multiple sensors, it does not have the capability to provide real-time mapping of the operational area. Soft 

real-time indoor mapping (SRIM) is a portable technology capable of collecting information for 3-dimensional plans of indoor 

spaces using Simultaneous Localization and Mapping (SLAM) and Depth Perception (DP). This research exposes a SRIM 3-

dimensional reconstruction process and evaluates its operational compatibility with FIVE. The implemented semi-automated  

process is explained and its performance evaluated under disaster management requirements. Results and conclusions were 

drawn from a cases study conducted to qualify effectiveness and efficiency of the information collected by the integrated 
system. 
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1 Introduction 
 

Disaster scenarios are commonly related with a high risk 

and uncertainty levels. In indoor scenarios , this uncertainty 

is associated with unknown geometric and semantic 

information that, in hands of first responders, results in 

reduced operational risk and a more efficient and effective 

operation. Enabling first responders in visualizing the map 

of an unknown indoor space and allowing the possibility of 

map measuring and interest object identification like doors 

and windows (entrances and exits paths) is a step towards 
this end. 

First Vehicle in Emergencies (FIVE) is a radio-controlled 

robot that was created by the University of the Andes in 

Colombia to enrich exploration in first response scenarios. 

Although this development allows continuous video 

broadcasting, shortages the ability to map and measure its 

surroundings in order to present rich and concise geometric 
information. 

The solved and mature Simultaneous Localization and 

Mapping (SLAM) problem is a remarkable option for the 

simultaneous self-localization a mapping of the robot as 

well as laser scanning for 3-Dimensional (3D) object 

detection and measuring.  The SLAM problem has been 

studied and solved from the theoretical algebraic-

probabilistic convergence perspective, the computational-

optimized solution and is now a mature solution with a 

wide range of study cases and some diverse implemented 

scenarios where the SLAM problem help bringing major 

solutions [1].  Likewise, there are different technologies for 

object detection as Time of Flight (TOF) Laser Scanning 

and Structured Light Scanning, each of them with specific 

applications, for and against. 

Associative hardware to FIVE, with SLAM and 3D object 

detection capabilities , excels even further the functionality 

of the robot in an emergency scenario. The second iteration 

of Project Tango by Google is a piece of hardware that 

enables the user to obtain out of the box 3D data direct from 

the core sensors. We call soft real-time indoor mapping 

(SRIM) this portable technology capable of collecting 

information for 3D plans of indoor spaces using SLAM and 

Depth Perception (DP). The current Project Tango 

applications are limited and restricted, each one of them 

serves a single specific purpose. While point cloud 

information for visualization and measure is available, it is 

in a post-processed state and highlights the critically of raw 

data acquisition as a way to guarantee the scalability of any 
on develop framework. 

Resuming, in order to enable first responders in visualize, 

identify and measure indoor maps and spaces, we develop 

and expose a semi-automated capturing, processing and 

visualizing point cloud data framework. We also evaluate 
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the FIVE and SRIM association and the relevance of the 

processed data under first response emergency 

requirements. And additionally, we review SLAM-

oriented capabilities, techniques, initiatives and software as 
part of the contribution and future work in the field. 

 

1.1 First response requirements 
On May 3, 2004,  the National Institute of Standards and 

Technology (NIST) conducted a workshop to define 

information needed by emergency responders during 

building emergencies [2]. The discussion was conducted 

with fire, police, and emergency medical responders and in 

attempting to summarize the required information was 

classified in: Static Information; defined as the building 

information that is available before an incident. Dynamic 

Information; as a set of information that comes from real-

time status of building system controllers and sensors. 

Display of Information: as way of presenting the 

information during the emergency. 

Information needed on arrival to the incident scene 

The scenario that has the most in common characteristics 

with the reference case of studio for the development of the 

FIVE is a building fire. In this scenario the firefighters have 

two moments: “first five minutes” and “on the scene”. “On 

the scene” moment is when the first apparatus has arrived 

the scene and additional information of the building, it out- 

and in-sides is needed. The electronic data detailed in the 

workshop should include a building floor plan and a plot 

plan of the area.  

We focus in the data that can be captured by indoor 

inspection; Doors, windows, stairwell risers, fire walls, 

roof access, fire sensors, Convenience stairs/evacuation 

stairs and Vertical Openings. This data is selected out of a 

group of 17 items. 

Also, for dynamic and calculated data the proposed data to 

acquire include: Location of fire detectors, location of CBR 

sensors, location and size of fire/fires, presence of smoke 

in elevator shafts or stairwells, identification of activation 

of sprinklers or other devices, location of elevator used 

during incident, location of people in need of rescue and 

location of operational elevators. This information is 
selected out of a group of 12 items. 

The display of information was discussed and it was 

concluded that the display must be simple in order to be 

useful. It must be rich in information, but presented in a 
simple, uncluttered and easy to use interface. 

Attendees didn’t think text-only displays would work 

(although this will depend on application). They liked  

graphics—maybe 3D for pipes and stairwells and 2D for 

incident location (floor plans). The display of the map is a 
critical issue. 

 

1.2 FIVE 
First Vehicle in Emergency (FIVE) is an Unmanned 

Ground Vehicle (UGV) developed by University of the 

Andes in Colombia. Its unique objective is to support the 

first response in specific emergency scenarios. In general, 

these scenarios are closed and indoor environments, 

isolated, dangerous and unstable where the first responders 

mission is not only difficult but extremely risky. 

The requirements of the scenarios influenced the 

characteristics and capabilities of the FIVE. These 

characteristics have been summarized in TABLE II. To 

evaluate the integration and implementation of FIVE with 

SRIM capabilities we compare compatibility, physical and 

electronic integration. The semi-automated application 

considers both FIVE and SRIM operate under different 
platforms and Operation Systems (OS).  

FIVE enable operands to visualize its surroundings in real-

time 2-dimensional (2-D) image stream but as discussed in 

Fig. 1: Illustration of the proposed functionality. (a) In a disaster indoor scenario, for example with risk of imminent collapse, where first responders have no 
relevant information of people in need of rescue, or clear paths for a rapid exit, an enhanced (b) FIVE with SRIM functionality can be deployed in order to 

minimize risk levels using (c) real -time mapping data alongside 3D object and video visualization. 
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[2] this is not always sufficient and others requirements for 

geometric and semantic data is needed to be acquired, 
estimated and processed.  

As exposed in the last section, 2-D and 3-D maps, general 

measurements, data like doors and windows and its 

localization are crucial information in order to satisfy first 

response indoor emergency necessities. In order to fill this 

gap, FIVE is capable to carry a weight load of 2.7 kg, has 

a communication range of 120 m in indoor environments 

and has 2 Analog-to-digital converters (ADC) free 

channels to adapt external sensors and devices. 

One of the constrain issues is the maximum weight of the 

SRIM device as the maximum pay load is 2.7 kg. The 

SRIM should have its own energy source. FIVE storage is 

capable of carrying up to 30 image files on the device and 

all the information should be streamed or queried for 
stream under critical operation. 

 

1.3 Localization and mapping technologies 
Different technologies have been develop and used for 

localization and mapping; VO [4], SLAM [5], Impulse 

Radio Networks in [6] and [7], Ambient Magnetic Fields 

and Aiding Radio Sources [8] and Indoor Wireless Signals 

[9] represent some of the technologies applied. Consequent 

other experiments has shown outstanding results solving 

the same problem [10], [11], [12], [13]. 

Recovering relative camera poses and 3D structure from a 

set of sequential images is known as structure from motion 

(SFM) [4]. SFM is considered the general solution solving 

the 3D reconstruction of camera poses and structure of the 

surrounded scene while SLAM is considered the real time 

version of SFM. In an operation sense, SFM clutter a total 

finite amount of images of a scene and solve for camera 

poses (path) and 3D structure (scene reconstruction or 

point clouds), SLAM solve the same two problems in a 

real-time sense, frame by frame. 

A wide range of SLAM solutions have been developed. 

Visual-SLAM (stereo [14] and mono [15] based), Large-

Scale Direct Monocular SLAM (LSD SLAM) [16] and 

RGBD SLAM [17] mentioning the most relevant for 
computing science.  

More specifically, it is possible to fragment SLAM in two 

parts: Poses reconstruction (localization solutions) and 3D 

structure (scene perception). Solutions for localization and 

navigation vary with systems such as global positioning 

Project Tango Specifications 

Screen Audio Output 
7.02" 1920x1200 HD IPS 
display (323 ppi) 

Dual stereo speakers 

Scratch-resistant Corning® 
glass 

3.5mm audio connector 

Dimensions Memory 

119.77 x 196.33 x 15.36mm 128 GB internal storage 

Weight 4 GB RAM 

0.82 lbs (370 g) Ports 

Cameras Micro HDMI Micro SD card 

4 MP 2µm RGB-IR pixel 
sensor 

USB 3.0 host via dock 
connector 

Nano SIM slot  

1 MP front facing, fixed focus Battery 

O S 4960 mAH cell (2x 2480 cells) 

Android™ 4.4 KitKat® Processor 

Wireless NVIDIA Tegra K1 w/ 192 CUDA cores 

Dual-band Wi-Fi 
(2.4GHz/5GHz) WiFi 802.11 
a/b/g/n 

Sensors 

NFC (reader and peer to peer 
modes) 

Motion tracking camera Barometer 

Cellular connectivity: LTE, 
HSPA+, 3G, 2G, GSM, 

EDGE 

3D depth sensing Compass 

LTE: Bands 2,4,5,7,17 (1900, 
1700, 850, 2600, 700) 

Accelerometer GPS 

HSPA+: Bands 1,2,4,5 (2100, 

1900, 1700, 850) 
Ambient light  Gyroscope 

FIVE Specifications 

Inherent properties 

Size / (length, width, and height) Weight / Max Weight 
40 x 30 x 12 cm / 21 x 6 cm (arm) 10,8 kg / 13,5 kg 

Sensing capabilities 

Free ADC channels Cameras 
2 Four (4) Usb CAM + One (1) 

GoProHERO3 

humidity sensor Temperature sensor 
[1, 99] %RH  [0, 150] °C +/- 1°C 

Magnet Sound  
Yes Continuous sound 

Video Image 
Real time – 1 camera at a time 360° azimuthal and 90º colatitude 

O perational capabilities 

Storage Inner temperature 
30 JPEG pictures on device [12,35] °C - components safety 

Lights O perational voltage 
Around cameras 5V, 12V, 20V – without electric 

network 

Electric protections Speed control 
By modules – sensors Remote controller 

Terrain  Slopes 
Grass, mud, sand, ground, wet floors, 
debris 

30° max 

Return home Impacts 
Yes 1m free fall 

Service time Weight load 
1.5 hour 2.7Kg 

Communication range Acceleration 
500 m open field / 120 m indoor Three axis 

TABLE I & TABLE II: Left: FIVE specifications. Right: Project Tango Tablet specifications [3]. Physical integration is possible by creating a mechanical 
mount system. Project Tango lays into FIVE weight load range and extra room is available for external batteries if needed for extra time of service. The 

mount will reduce FIVE functionality in sense that rolling will not be able. On the other hand, FIVE will have SLAM capabilities with detachable options.  
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system (GPS), inertial measurement units (IMUs 1), visual 

odometry2 (VO3), laser odometry4 and wheel odometry. 

Solutions for scene perception involve laser sensors, 

multiple and single RBG camera [4]. Consequently, 

different scopes, technologies or solutions can be used to 

solve the SLAM problem. The main challenge, as 

concluded in [1], is to demonstrate SLAM applicability to 

solve larger problems and the selection of the optimal 

solution for localization and mapping should be given by 

the navigation environment and the computational 
resources. 

In GPS denied environments, such as indoors, VO and 

IMUS have outmost importance. VO requires sufficient 

illumination and the static scene should have enough 

texture to differentiate key points 5 and allow apparent 

motion. Also, enough scene overlap should be guaranteed 

in consecutive frames. IMUs, likewise wheel odometry, is 

based on mechanical basis to estimate the motion of an 

agent6. Wheel odometry disadvantages in uneven terrain 
and adverse ground conditions regarding IMUs and VO. 

 

1.4 Project Tango Device and functionality 
Project Tango [3] is a media hardware shaped as a Tablet 

that integrates technologies for Soft Real-time Indoor 

Mapping. Project Tango specification are shown in 

TABLE II. 

Tango project solves the localization problem with its 

Motion Tracking functionality, the 3D reconstruction by 

Depth Perception and address  LSD SLAM by the Area 

Learning functionality. 

Motion Tracking 

The solution to SLAM problem is implemented in the core 

of the technology to estimate pose data of the device frame 

by frame relying on IMUs and VO in a Visual-Inertial 
Odometry approach [18]. 

The tracking data can be accessed through the position and 

orientation with 6 degrees of freedom, described as “pose 

data”. The standard function for pulling the pose data from 

the device is “getPoseData” and can be obtained in two 

different ways: 

 Callbacks  Returns the most recent pose update 
given by the sensors. 

                                                                 
1
 A navigation system that use inertial changes to estimate position. 

2
 The metrics of routes. Use the data from different sensors to estimate the 

position of an object based on its start point. 
3
 Process of estimating the position and orientation of an agent based on 

the camera images on it 
4
 Estimates the egomotion of an agent by scan-matching of consecutive 

laser scans. 

 Function get  Returns pose at specific 

Timestamp7 and the data can be possibly 

interpolated. 

The pose data is the combination of translation and 

rotation, this means that the pose data is given by the 

combination of a vector (specify the translation in 3 

dimensions) and a quaternion (specify the rotation of an 

object with an angle of rotation and a 3 dimensional vector 

as axis of rotation). The pose data is also relative to the 

starting point when the application is started. 

Depth Perception 

Depth perception is the ability to capture the depth of a 

scene, in this sense the device is able to collect data with 

measurable information. The Project Tango Tablet uses  

two technologies for range sensing: a structured light [19] 

and a camera to detect the depth of a frame and time of 

flight [20] sensor. By design the measure range is 0.5 – 4.0 

m, this means that the depth information can be collected 

within this range. The collected information is saved as a 

point cloud8 data. This data is  discretely stored as (x, y, z) 

coordinates of the points that refer to both different time 
frames and device poses. 

The point cloud data exported directly from the Tango 

API´s has the format of xyzij that represent the xyz 

coordinate system and a 2D lookup table for depth map 

generation. The ij map is a sorted index in raster that allow 

to create 2D images or mesh from the xyz point cloud9. An 

image buffer is used from the structure to obtain colour 
information for the point cloud. 

The application is designed to get the pose data as soon as 

it is available. Previous study cases had shown this interval 

at 6Hz [21]. This means, for this application a getPoseData 
by Timestamp will be needed. 

Area Learning 

As the motion tracking can present errors due to the nature 

of the sensor the Project Tango has the capability to make 

drift correction when the device measures the same area 

twice. It is recommended to implement loop closure to 

improve global map consistency. It is also possible to 

upload previews maps and append it to the current scene. 

The area learning records are saved in Area Description 

Files (ADF) and can be reviewed once the measure is 

finished. 

5
 Relevant features in the scene used as fixed references 

6
 Human, vehicle, robot, etc. 

7
 A specific time using the devices clock. 

8
 Spatial representation of an object as dense points referenced in the three 

Cartesian axes. 
9
 Under the current release the ij map is not yet implemented. 
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Device 

application 

Control 

station 

application 

As described Project Tango provide a front-end 

functionality that integrates the solution of SLAM. As 

described in TABLE I and TABLE II the physical 

integration is possible and does not require further 

integration as project tango has its own energy source, 

processing capabilities and operating platform. Resuming, 

the device is used as a source for images and point clouds 

of the indoor space as well as obtain the estimated camera 

poses. 

2 Semi-automated 3-Dimensional 

scene reconstruction framework 
 

2.1 Methodology for real-time plan 

creation based on point cloud data 
In order to accomplish the objective, the robot needs to be 

aware and communicate the 3D space he is interacting in. 

This means be capable of measure 3D spaces on motion as 

we reviewed in Localization and Mapping Technologies 

section. However, with the selection and use of Project 

Tango technology the framework changes the need of 

solving a SLAM problem to extracting pose and time data 

and transforming this data to a convergent local space using 
space-rotation. 

Capturing and processing 3-D data on an emergency 

scenario using FIVE should involve the process 
represented in the following framework. 

 

 

Fig. 2: Framework for capturing and processing data in an emergency 

scenario. The FIVE-SRIM integration captures scene and self-motion 
information frame to frame (Device data), this data can be processed or 
not at different levels in the device (Device processing) and then streamed 

(Device streaming) to the control station. The Control station reads the 
data (Data reader) and process the information (Control station 
processing) if required before is available for visualization. 

Two levels can be defined; device and control station level. 

The device level should involve the android application 

itself capable of capture, process and stream the data to the 

                                                                 
10 Designed for a specific problem or task and not 

intended to be adapted for other purposes. 

control station level. The control station level should 

involve the read, process and visualization of the data. This 

process allows the implementation of different approaches 

to develop the needed application. The considered cases are 
summarized in the following table: 

  
Conf. 1 Conf. 2 Conf. 3 Conf. 4 

Device data 
Record 
data 

Record data Record data Record data 

Device 
processing 

Process 
all data 

Process 
Frame by 
Frame 

Do not process Do not process 

Device 
streaming 

Push all 

data 
when 
available 

Stream 

Frame by 
Frame 

Stream raw data Push all raw data 

when available 

Control 
Station data 

reader 

Read 
processed 

data 

Read frame 
by frame 

(Listener) 

Read frame by 
frame (Listener) 

Read raw data 

Control 
station 
processing 

Do not 
process 

Read frame 
by frame 
processed 
data 

Process frame by 
frame 

Process all data 

Control 
station 
visualization 

Visualize 

processed 
data 

Visualize 

processed 
data 

Merge and 

visualize all 
processed data 
(with parameters 
from control 

station) 

Merge and 

visualize all 
processed data 
(with parameters 
from control 

station) 

TABLE III: Different configurations for the semi-automated real-time 
indoor mapping application. 

For this specific application the considered configurations 

are 2 and 3. Configuration 1 and 4 will delay the 

visualization in the control station by pushing the data only 

when is all available as a package and converting the study 

case in a non-real-time application. The configuration 2 

involve data processing on the mobile application and the 

configuration 3 on the computer application. The core 

development of configuration 3 is the data process and 

visualization in the control station. Both can be 

computationally addressed by using current open source 

software and applying ad-hoc10 algorithms. In this order of 
ideas, we use configuration 3 as the driving framework. 

 

2.1.1 Device level - Methodologies for motion 

tracking and point cloud capture for 

SRIM 
SRIM works on Android operating system. It means that 

for measuring and obtaining information from this device 

we should build a basic Android application. This 

application needs to collect and transmit information of 

point cloud in real time, by means the use of Simultaneous 
Localization and Mapping (SLAM) and depth sensing.  

Device data
Device 

processing
Device 

streaming

Control station 
data reader

Control station 
processing

Control station 
visualization
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Project Tango software is under development and this 

means that the functionalities are restricted and custom 

functionalities need to be programed by the user. For this 

purpose, three different Application Programming  

Interface (APIs) are available in different programing  

languages (JAVA, C++ and UNITY). The APIs let the user 

access to the pre-established functionalities and control of 

the sensors of the Tablet. As the purpose involve use the 

technology to collect indoor data, a deep study of the 

capabilities of these applications is needed. Android 

documentation, JAVA and C API for Project Tango were 

reviewed in order to obtain the raw data. 

2.1.1.1 Android documentation 

Android is a Mobile Operation System that uses Linux 

Kernel. Is open source by OHA/Google. The programming  
environment uses JAVA programming language. 

The structure for android is divided in four levels. First 

level is the deepest and controls the hardware. In order to 

use hardware and obtain data from them it is necessary to 

target this level. The second level allocate the libraries and 

the Android Runtime. The third level is  the Application 

framework and contains all the behaviour of the 

applications and background runs. The last one is the 
application itself. 

The android application development process involved the 

following steps: 

1. Setup develop environment (Java Development 

Kit (JDK), Software Development Kit (SDK), 

Native Development Kit (NDK), Eclipse IDE 

and Android Studio) 

2. Create an app (Android project containing java 

files + resources files) 

3. Test app (Pack project into debuggable .apk 

(android package) – install, run debug on device 
or emulator) 

2.1.1.2 Coordinate system 

The Tango API is the main interface between the hardware 

and the software to manage the data captured by the 

sensors11 and control the device behaviour. The spatial data 

is captured and returned by the Tango API in different 

coordinates systems. Each sensor returns the captured data 

in its own coordinate system. In order to correlate and 

integrate the different type of data a coordinate system 
transformation to a default coordinate system is needed.  

There are two coordinate systems defined to work with the 

Project Tango, Tango and OpenGL12 coordinate system. 

Tango uses two coordinate systems. “Right hand Local 

Level” and “Right Hand Android” [3]. When the device is 

                                                                 
11

 Camera, gyroscope, laser sensor and integrated sensing devices. 
12

 Environment for developing interacting 2D and 3D graphic applications 

 

held in its default orientation the Y axis in the “Right hand 

Local Level” is away from the user, the X axis is horizontal 

pointing the positive direction to the right side of the user 

and the Z axis is in vertical position with the positive 

direction pointing up. The “Right Hand Android” is 90º 

positive rotated around the “Right hand Local Level” X 
axis. 

The transformation matrix is given by the target coordinate 

to the base coordinate. In this case Start of Service13 to 

OpenGL world [3]. The exercise let us understand how to 

transform the data from a sensor local position system into 
a start of service position system within the device: 

𝑇𝑆𝑆
𝑂𝑊 =  [

1 0 0 0
0 0 −1 0
0 1 0 0
0 0 0 1

]                            (1) 

This transformation can be done by built-in functions in the 

JAVA and C API but is shown to be considered when raw 

data from different sensors needs to be managed with 
different purposes.  

2.1.1.3 Application for continuous point cloud capture 

The application for continuous point cloud capture is the 

Android Application that enables the sensor to capture the 

data in real time and transmit the data to the control station. 

There are a few programs to do this  in the sense of 

capturing the sensing data. Paraview, Constructor, 

RoomPlan are the current available. The implemented  

scope for scalability is to use the different applications  for 

Tango to create an Ad hoc solution and obtain the point 
cloud data and pose information. 

The application capture in real time for every frame the 
following data: 

 Point cloud data  [{x1, y1, z1; x2, y2, z2; …; xn, 

yn, zn} & [timestampi]] where x, y, z are local 

sensor coordinates, n is number of point in the 

frame and differ from frame to frame and i is the 

frame number. 

 Device pose (position and orientation) {x1, y1, z1, 

w1, X1, Y1, Z1, timestamp1; x2, y2, z2, w2, X2, Y2, 

Z2, timestamp2; …; xm, ym, zm, wm, Xm, Ym, Zm, 

timestampm} where x, y, z, w is the current pose 

with reference to the base frame, X, Y, Z is the 
current translation and m is the pose number. 

 The timestamp is the independent variable and is 

the fixed joint between the point cloud data and 

the device poses. Notice that the point cloud data 

timestamp could not be explicitly related in the 

13
 The start of service position system is the coordinate system with the 

origin where the device start capturing data. 
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device pose data as the availability of the point 

cloud data and the device pose does not occur at 

the same timestamp. The pose data should be 

interpolated or stablished by the nearest 
timestamp. 

 

2.1.2 Control station level - Point cloud 

registration and visualization 
The input data of the control station level is the output of 

the device level described before. The first step towards 

plan creation is the point cloud registration14. Point cloud 

registration will allow a uniform visualization of the 

collected point cloud data. When all the collected frames  

are translated and rotated using pose data the point clouds 

are correctly registered and the visualization can be 
performed. 

The addressed approach was to program the point cloud 

registration and then use an open source software to 

visualize the processed data. The process pipeline of the 
data in the control station is the following:  

 

Fig. 4: The data is read as it  arrives at the control station(Load point 
clouds), using the data information described in section 2.1.1.3 of this 

document the rotation (Apply rotation) and translation (Apply 
translation)

15
 of the point cloud data frame by frame. At this point a 

surface can be created (Create surface) to visualize the scene as a 
continuous object. Additionally, RGB colour can be obtained by matching 

colour data from the camera (Apply video overlay for colours) as well as 
custom filters (Apply filters) for visualization and optimization purposes. 

An example of the result of this process is shown in the 

next two figures. This data was collected using Project 

Tango Construction application and visualized in the open 
source visualization software MeshLab. 

                                                                 
14

 Applying spatial transformation to align point sets. 

 

Fig. 5: Examples of visualization expected results. Left: The image shows 
the surface without the colours applied and a slice plane shade filter. 
Right: The result of the surface with the colouring applied. 

2.1.2.1 Point cloud registration 

Registration is mathematically made by change of 

coordinates using transformation matrixes. Fig. 3 shows 

the transformation that needs to be done to have all the 

point cloud in the same coordinate system. 

Develop of the algorithm 

In order to develop the algorithm and as the pose data is 

represented in quaternion. The rotation of an object using 
Quaternions for rotation and Euler’s for translation  [22]: 

[

𝑥′
𝑦′

𝑧′
1

] = 𝑇𝑡𝑥,0,𝑡𝑧
(𝑞𝑝𝑞−1)𝑇−𝑡𝑥,0,−𝑡𝑧

[

𝑥
𝑦
𝑧
1

]               (2) 

𝑞𝑝𝑞−1

= [

2(𝑠2 + 𝑥2) − 1 2(𝑥𝑦 + 𝑠𝑧) 2(𝑥𝑧 − 𝑠𝑦)

2(𝑥𝑦 − 𝑠𝑧) 2(𝑠2 + 𝑦2) − 1 2(𝑦𝑧 + 𝑠𝑥)

2(𝑥𝑧 + 𝑠𝑦) 2(𝑦𝑧 − 𝑠𝑥) 2(𝑠2 + 𝑧2) − 1

] [

𝑥𝑝

𝑦𝑝

𝑧𝑝

] (3) 

A python algorithm to integrate the point clouds from 

different frames was created. As a result, the algorithm let 

us stack the different point clouds in a single coordinate 
system. 

15
 Rotation and translation can be merged in a single transformation 

matrix. 

Load point 
clouds

Apply rotation
Apply 

translation

Create surface
Apply video 
overlay for 

colours
Apply filters

Input pose 

stream 

Input point 

cloud stream 

Timestamp 

correlation 

Transformation 

matrix 

calculation 

Point cloud 

Transformation 

    

 

 

 

Fig. 3: Point cloud registration algorithm  pipeline. The input data is received from a Input pose stream () and a Input point cloud stream () and is used to 

correlate both inputs using timestamp information available in the inputs. Transformation matrix () is created with the pose information and finally the 

transformed point cloud is obtained by point cloud and transformation matrix multiplication. 
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Using open source visualization software 

For functionality and efficiency, it recommended the use of 

specialized point cloud libraries  like the standard and open 

source Point Cloud Library (PCL) for computationally 

manipulation of point cloud data. This library is the 

compilation of different applications and transformations 

represented in modules [23]: Filters, Features, Key Points, 

Registration, Surface, I/O, kdtree, Octree, Segmentation, 
Sample Consensus, Recognition and Visualization. 

For user interface, one option is the open-source software 

for data visualization Paraview16, this is a compilation of 

different modules that provide the capability of visualize 

different kind of data in an interactive way through a 

                                                                 
16

 Additional information on: http://www.paraview.org/, consulted 
09/2015. 
17

 Additional information on: http://www.danielgm.net/cc/, consulted 

09/2015. 

friendly user interface. Other options are the use of the 

software CloudCompare17 and MeshLab18. It is 

recommended to be aware of the different file formatting  

compatibles within each software. We use “.xyz” format  

for point clouds in order to preserve compatibility . 

Nevertheless, the readability of this format is slower for 

large scenarios and lacks on rich information  

characteristics. Regarding visualization, the first step into 

mapping the indoor environment is to create the 2D fence 

out of the 3D data collected by the device. A semi-

automated pipeline can be created for this process 

involving clipping, filtering and segmenting the extracted 
point cloud as well as object recognition and other utilities. 

18
 Additional information on: http://meshlab.sourceforge.net/, consulted 

09/2015. 

Fig. 6: Registration algorithm developed. (a) Shows the graphic explanation of the device movement and the pose data, the figure at  the left represent the 

movement of the device considering its own coordinate system, this movement can be represented as a rotatio n around a unit vector and a translation showed 
at the right. (b) Shows the resulting rotation of a single point cloud frame using the developed algorithm, the red point represents the point without rotation and 
the blue ones represent the point rotated. (c) Left: shows the upper view of 5 frames an indoor space overlapped without registration. Right: The same 5 frames 

registered using the python algorithm. 

http://www.paraview.org/
http://www.danielgm.net/cc/
http://meshlab.sourceforge.net/
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3 Proof of concept 
We conducted an experiment an experiment in the CDMPS 

offices to proof the functionality of the proposed 

framework. The scenario is a complete building floor of 

offices and we expect to obtain comparable geometry of 

the real scene and a 2D visualization of the floor plan. 

Correspondingly, we expect to differentiate objects like 

Doors, windows, fire walls, roof access, fire sensors, 

Convenience stairs/evacuation stairs and Vertical 

Openings from perspective views of the insides. 

We performed two comparable measures. The first one, 

involves the framework developed and explained in this 

document. The second, involves the use of Constructor 

application by Project Tango and export the captured 

information for computer visualization and compare 

instead of the device. See Fig. 7. 

 

 

For plan visualization, a 2D assumption from upper views 

is made, assuming that the information extracted from a 

parallel plane to the ground is enough information for a 2D 

indoor navigation as conducted in [24].  

Loop closing was not implemented to force the 

methodology to rely in a single discovery path. In order to 

prevent incompatibilities for this experiment we 

compromised rich information of the point cloud data. For 

future work offline optimization like bundle adjustment 

and loop closure should be performed and evaluated. As 

well as different visualization options in order to meet 

simple and rich information needs for first response 

scenarios. 

 

Fig. 7: Proof of concept. The results of the experiment are shown and compared, (a) is the real scene of a single cubicle in the office. The results using 
Constructor are shown in (b) as a textured mesh, similarly (c) is the result of the proposed framework in a point cloud output. (d) The complete floor output 
by Constructor using point clouds. Detailed scanning of small objects is difficult to identify due the precision of the sensors but large objects and flat surfaces 

can be easily identified even in the unprocessed, single colour point cloud. 
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4 Results and conclusions 
The results by implementing the proposed framework 

shows high consistency in the registration algorithm at the 
control station. Considering large scale geometry. 

Object recognition: As shown in Fig. 7, small object 

recognition is difficult for both, point cloud and textured 

mesh visualization. Conversely, recognition of large 

objects like walls, doors, and openings is possible. In this 

sense and comparing with first response requirements, 

doors, windows, roof access and vertical openings is 

possible and can be an automated process using approaches 

like RANSAC shape detection, feature detection and plane 

fitting. Downfalls of the technology like shading and 

luminous objects affect deep perception and affect the 

results. The small objects like fire detectors and CBR 

sensors could not be recognized by using the point cloud, 

but the FIVE functionality can improve this action by video 

streaming. 

Geometry consistency: Large scale geometry is consistent 

for the proposed framework. Nevertheless, Using the 

Constructor application the results are more comparable 

with the real scene while the proposed algorithm shows a 

more emphasized error by visual inspection. See Fig. 8. It 

is well known that Odometry estimates and not determine 

the position due to errors on the methods integrating 

velocity and acceleration [4], but the major error cause can 

be the approximation of the pose data using the nearest 

timestamp that was implemented in the algorithm. 

 

Fig. 8: Comparison between Constructor processed data an processed data 
with the registration algorithm at the control station. Results show that the 
Constructor processed point cloud is more consistent then the registered 
in the semi-automated process. 

Map visualization: A 2D point cloud approach was the 

scope of this document, but as described in Fig. 4 video, 

surface filters and visualization specifics can be applied in 

order to improve visualization to meet different application 

requirements. For example, the visualization can be the 

streamed video but the measures can be applying using the 

point cloud data overlaying it but not showing it . On the 

other hand, point cloud only visualization can utmost 

importance in dark scenarios and when detailed measuring 

is needed. 

In conclusion we expose the development of a semi-

automated capturing, processing and visualizing point 

cloud data framework. This framework demonstrates to be 

reliable but major improvements needs to done in the 

control station for visualization of the indoor data. We also 

evaluate the FIVE and SRIM association concluding a 

successful physical pairing and complementary capabilities 

but compromising FIVE rolling functionality. The 

relevance of the processed data under first response 

emergency requirements  results in a measuring and 2D 

navigation functionality for the presented scope. However, 

improvements using automated approaches for object 

recognition and object fitting will increasingly improve this 

benchmark. Finally, the reviewed SLAM-oriented  

capabilities, initiatives and computational software can be 

used as complementary but not exhaustive state of the art 

for future research in the field. 
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