
Third Person Perspective Augmented Reality  

for High Accuracy Applications 
 

Stéphane Côté
1
  Philippe Trudel

 2,1
  

1
Bentley Systems, Inc., Québec, QC, Canada G1E 3L1 

2
Dept. Electrical & Computer Engineering, Sherbrooke University, Sherbrooke, QC Canada J1K 2R1 

 

ABSTRACT 

We proposed a 6 degrees of freedom augmentation system aimed at meeting the high accuracy requirements of engineering tasks. A 
stationary panoramic video camera captures a stream that is augmented by a portable computer. A handheld tablet device located in the 
same area broadcasts its instantaneous orientation, and receives the augmented view in the corresponding orientation, in real time. The 
panoramic camera can also be moved to other locations and simultaneously tracked by the system, providing 6 degrees of freedom 
augmentation. This gives the user a third person perspective augmentation, which is very precise and potentially more accurate than 
handheld augmentation.  

Keywords: Augmented reality, third person perspective, accuracy, 3D model, engineering. 

1 INTRODUCTION 

Augmented reality (AR) has an enormous potential in the Architecture, Engineering and Construction (AEC) world. It could enable a wide 
range of useful applications including: building site monitoring, asset identification and query, etc. Decisions taken by architects and 
engineers have a direct impact on public safety, and must therefore be supported by accurate data. AR applications for the AEC world 
would therefore need to be very accurate. Unfortunately, while approximate, low accuracy AR is easy to obtain, robust and accurate AR is 
still challenging.  

For a long time, the main difficulty with augmented reality has been, and still is, registration. Considering the various limitations of 
portable pose estimation hardware, the problem of image-based tracking has received a lot of attention. Those techniques depend upon 
tracking identified features, the number of which may be limited due to moving targets, repetitive patterns, low contrast areas, and by the 
limited field of view of most cameras (up to 120ᵒ), which increases the chances of capturing areas that are unsuitable for tracking and 
decrease the capacity to view features over long distances [1]. Tasks like marking the location of hidden pipes on the surface of a wall 
holding a pen in one hand while augmenting the wall using a device held in the other hand are likely to show this problem, as proximity of 
the wall might affect tracking quality. Another tracking difficulty is related with user’s movements, which make accurate augmentation 
harder to achieve. 

In the engineering field, the concept of handheld augmentation may not always be ideal. Although it can be useful to locate objects 
quickly, sometimes a close, stable and careful examination of an object with free hands may be required. With handheld augmentation, 
stability may be affected by hand movements; hands are required to hold the device in the specific direction of the augmented object; and 
distance to the augmented surface may be limited by the camera’s field of view. The use of goggles would free the user’s hands, but would 
not solve the other issues. 

Over the past few years, work has been done on the augmentation of static panoramic images [2]. Those can be augmented more easily 
than video because no live tracking is required. Moreover, panoramic images may be aligned more accurately with a 3D model than planar 
images because their features are distributed around the 360o field of view. However, static images are, by definition, out of date. What is 
needed is a live augmentation method sufficiently accurate for engineering use, and that can be used to augment an object without 
necessarily forcing the user to hold an augmentation device. 

Handheld augmentation offers first person view visualization.  An alternative, third person view, is heavily used in computer games, 
where it enables a better understanding of the scene. The concept of 3rd person perspective AR has been proposed by [3,4], who confirmed 
that it improves users’ integration in their environment, enables them to perform better for some types of tasks and helps them better 
evaluate distances. 

To fulfill the needs of the engineering community, we propose a 3rd person perspective, stable and live augmentation system based on a 
panoramic video camera installed on a tripod. The panoramic scene is augmented and broadcast to a handheld device that shows the scene 
as seen from the camera position. View orientation is controlled by rotating the handheld device. This results in a 3rd person perspective 
augmentation system that mimics a stable live handheld system. The main contribution of this work is a 3rd person perspective AR system 
that produces precise live 6 degrees of freedom augmentations. 

2 METHOD 

2.1 Setup 

Our system consists of 4 components. A Ladybug panoramic camera (Fig. 1A) from Point Grey Research is installed on top of a tripod in 
the area to be augmented. The live stream is sent to a Lenovo W520 laptop (Fig. 1B) at a rate of 15 fps through Firewire, which 
preprocesses the stream in real time (for stitching and color correction) and sends it via 1 Gbps Ethernet to a second W520 (Fig. 1C) that 
tracks the camera position and augments the panoramic scene. A HP slate tablet (Fig. 1D), equipped with an XSens MTx orientation sensor 
sends its instantaneous orientation to the second laptop which, in return, broadcasts the augmented scene in the corresponding orientation.  



Augmentation was achieved using a “virtual excavation” applied onto the surfaces of the walls and ceiling of the study building. A 
simplified version of a CAD building model was used for camera tracking and for defining excavation surfaces. A more detailed version of 
the model was used to represent hidden elements revealed by the excavation. 

With the camera standing at a stationary position, the model is first aligned to the panoramic stream using the method proposed by [5]. 
The system can then be used for augmentation. Although the camera remains stationary during augmentation, it can be moved to other 
locations. During camera movement, the system tracks panoramic image features and calculates the new camera position in real time using 
a method detailed in [6]: assuming a good initial alignment between the model and the panoramic stream, SURF features are identified on a 
first frame and projected from the camera position onto the corresponding face of the tracking CAD model, providing a presumed 3D 
position for those features. Features are then identified on a second frame and matched with those of the first frame. Best matches are used 
to calculate the new camera position using the method described in [5]. Keyframes were used to reduce drift. That simple method was not 
perfect but sufficient to prove our concept. 
 

 

Figure 1: Proposed augmentation system. Panoramic camera (A), server laptop (B), client laptop (C), and tablet (D). 

2.2 System use 

The user sets the camera on a tripod and initializes the system. He then walks around, pointing his tablet to walls to be augmented. The 
tablet broadcasts its instantaneous orientation; the laptop returns the live augmented view in that same orientation.  The live view is 
displayed by the tablet (Fig. 2, left). Since the augmentation is achieved on a video stream captured from a location different than the user’s 
position, the user is likely to see himself in the augmented view. This enables the user to interact with the augmentation (e.g. pointing at 
hidden pipes with his hand (Fig. 2, right), or mark its location with a pen). The orientation can also be frozen, so the user can put the tablet 
on a table and study the live augmentation more closely. To support live interaction, we implemented a movement detection algorithm [7] 
and displayed all moving objects (e.g. the user’s arm) on top of the augmentation. Since the system can track the camera, should the user 
want to augment a different area he simply moves the camera to that new location and resumes augmentation. 

   

Figure 2: Using the third person perspective augmentation system. 

3 RESULTS 

We tested our method inside the Paddy Wagon Irish Pub located in Richmond, Kentucky, USA. For augmentation and tracking, we used 
full and simplified versions of a detailed CAD (BIM) model of that building, created by McKay Snyder Architects, James McKay, 
Architect, using MicroStation®. 

We first tested the capacity of the system to accurately track the camera inside the building. We achieved a tracking rate of only 4-5 fps, 
but tracking showed no jitter for camera rotation or translation.  We observed some drift [6] most likely caused by a combination of our 
basic tracking algorithm and the use of an inaccurate model.  The amount of drift was not quantified. 

The system was then tested by 2 users to locate hidden pipes. In spite of the unusual 3rd person view augmentation, it took them no more 
than 5 seconds to understand and adjust their behavior. One of them said it was intuitive as it was like creating hand shadows on a wall 
when facing away from light. As shown in Fig. 3, the user sees himself from the back and uses that live image as feedback to position his 
hand so that it matches the pipe location. Users mentioned the 1-second time lag between arm movement and its display on the tablet as 
annoying.  

 

 

Figure 3: User pointing at pipes hidden in wall. 



4 DISCUSSION 

Our tests showed that our system can provide live 6 degrees of freedom indoor jitter-free augmentations. Although it constrains the user in 
viewing the scene from limited positions and orientations with respect to a stationary camera, the resulting augmentation is very precise. 
Moreover, augmentation accuracy is favored as the camera position can be obtained more accurately thanks to its very wide field of view. 
The user may also interact more easily with the augmentation, as he can see himself in the augmentation which, in some situations, may be 
better than first person perspective handheld augmentation. The system has the advantage of producing augmentation on a computer system 
significantly faster than a handheld device. The system is therefore compatible with the stability and accuracy needs of engineering work 
and deserves further investigation. 

Future work should target the drift caused by the tracking system when moving the camera, for instance by using a better tracking 
algorithm. Efforts should also be put on decreasing the temporal lag observed in the augmentation caused by data processing and 
transmission. We could also evaluate the possibility to use a head mounted device to display the augmented scene on a side display, as a 
complement to the non-augmented view. Finally, the effect of using 3rd person view perspective on augmentation accuracy and perception 
should also be studied. 
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