
 
E-JOURNAL OF THE 5TH INTERNATIONAL CONFERENCE ON ARTIFICIAL INTELLIGENCE, 

COMPUTER SCIENCE & INFORMATION TECHNOLOGY 2017 

 

 

1 
E-JOURNAL OF ARTIFICIAL INTELLIGENCE, COMPUTER SCIENCE & INFORMATION TECHNOLOGY 

(e-ISSN: 2289-5965). 31st July 2017& 1st August 2017 - Venue: Bayview Hotel, Pulau Pinang, Malaysia. Organized by 

http://worldconferences.net/home  

 

DEVELOPMENT AND IMPLEMENTATION OF VISUAL ODOMETRY 

SYSTEM USING QUADCOPTER FOR INVENTORY MAINTENANCE 

Dr. Satheesh Kumar Gopal 
Department of Mechanical Engineering 

SSN College of Engineering 
satheeshkumarg@ssn.edu.in 

 
Karnik Ram, Harish S., Apeksha Avinash Somalinga & Hanis S. 

Department of Electronics and Communication Engineering 
SSN College of Engineering 

karnik13042@ece.ssn.edu.in  

harish13030@ece.ssn.edu.in  

apeksha13008@ece.ssn.edu.in 
haniss@ssn.edu.in 

 
Abstract 

There is a growing interest in the design of aerial vehicles with advanced autonomous capabilities and 

many have already found their way into military and civil applications. However, while the focus has 

been on the development of these outdoor vehicles, little attention has been given to Unmanned Aerial 

Vehicles (UAVs) in indoor environments. Such aerial robots would be valuable for indoor surveillance, 

bomb disposal, personal assistive devices, or stock counting, which is the focus of our work. We present 

a navigation system for an aerial robot that uses an optic flow-based vision system for its localization, 

making it suitable for cluttered urban and GPS-denied indoor environments. Stock counting (or 

inventory counting) is implemented by the placement and detection of ArUco Markers on individual 

packages. The system is implemented on a quadrotor with all the computations performed on-board, 

and its experimental results are presented.  

Keywords:  Image processing, robotics, unmanned aerial vehicles, inventory counting. 
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1. Introduction 

The recent years have seen a surge in the development of Unmanned Aerial Vehicles (UAVs), and 

specifically the quadcopter, in many military, civilian, and commercial applications. There has been 

extensive research on the design and operation of quadcopters in outdoor environments. With the advent 

of the Global Position System (GPS), navigation was simple and effective, if the overhead obstructions 

were kept to a minimum. However, indoor environments pose a problem for the use of GPS. Alternative 

navigation systems such as visual odometry systems are well-suited for localization and subsequent 

navigation in these indoor and GPS-denied environments. At present, the development of UAVs for 

indoor applications are still in their nascent stages. 

Inventory counting (or cycle counting) in warehouses rely heavily on manual labour. However, this 

process can be automated with an effective reduction in manpower cost and process time. We thus 

propose using an autonomous quadcopter to detect individual stock in warehouses and maintain an 

inventory. A quadcopter is better suited than fixed ground machinery to access objects at higher levels. 

It also eliminates the need for a human operator, reducing labour costs. The total time taken to complete 

the counting process is also reduced significantly. Inventory counting is implemented by placing and 

detecting fiduciary markers on the sides of packages. For our system, ArUco Markers are utilized. 
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2. Literature Survey 

Unmanned Aerial Vehicles have been in use since the early 20th century. The origin of UAVs began in 

military warfare, as an alternative to manned aircrafts. UAVs were useful military weapons, serving as 

“flying bombs”, eliminating the possibility of pilot casualties (Cook, 2007). It has since then been 

quickly integrated into outdoor applications including surveillance, reconnaissance, mapping, border 

patrol, search and rescue, inspection, agricultural monitoring, and more recently, transport of goods. 

Through the years the design of both fixed-wing and rotary-wing UAVs has been repeatedly refined to 

bring it to its current state. Outdoor navigation is achieved through GPS which utilizes satellite signals 

for triangulation. 

Conversely, the advancement of indoor UAVs has been slow, limited by the unavailability of GPS. 

Localization and pose estimation must be achieved by other means. Popular odometry solutions that 

arose were vision-based solutions since conventional odometry methods like accelerometers and 

gyroscopes were more prone to unpredictable errors. Feature points tracked between image frames give 

an estimate of the relative motion of the UAV. Optic flow can be implemented on-board the aircraft, 

providing a great deal of autonomy. The use of low resolution cameras also provides an inexpensive 

solution for navigation (Engel, Sturm & Cremers, 2012). 

In recent years, various control algorithms have emerged based on optical flow. PD controllers (Bin, 

Yang, Xu, Meihui & Fu, 2014) and depth maps (Zingg, Scaramuzza, Weiss & Siegwart, 2010) use 

optical flow to obtain position and velocity feedback for autonomous hovering flight control. In both 

cases, a camera is employed as the on-board visual device while IMU data is used for compensating 

rotational effects. Experimental results demonstrate the good control performance of the proposed 

designs. The use of optic flow eliminates the need for artificial landmarks in the environment which 

may impose restrictions to the flying path of the quadcopter, making it suitable for unknown indoor 

environments. 

On-board vision based autopilot for aerial vehicles, using optic flow and a low-cost IMU, were 

demonstrated successfully with automatic take-off and landing, hovering and trajectory tracking 

(Kendoul, Fantoni & Nonami, 2009). A Gumstix microcontroller with 16MB memory was used to 

perform computations of the data received from a 10 DOF IMU and a small analog camera. A three 

Nested Kalman Filter framework is implemented to improve the efficiency of the optic flow 

computations. Importantly, this paper demonstrated that all the computations can be performed on-

board, thereby avoiding significant transmission latencies. 

With the advent of various vision-based odometry techniques, unmanned aerial vehicles are finding 

their way into a variety of indoor applications. One such application which requires more autonomy is 

stock counting in warehouses. Currently, quadcopters are manually employed to scan each package for 

the barcode, using an onboard barcode scanner, to perform stock counting. With a vision-based 

odometry platform such an operation can be made autonomous without the need for human intervention. 

Though there are various marker systems that can be used for product detection, a few have certain 

advantages over other. Mark Fiala presented a new fiducial marker system which can be used for 

Augmented Reality (AR), robot navigation, and general applications where the relative pose between a 

camera and object is required (Fiala, 2005). The author created a planar pattern marker system with 

2002 markers to improve upon the existing marker systems called ARtags. Each marker consists of 

square border of either polarity for easy detection and the information is digitally encoded within the 

border. ARTag has low false positive rate, low false negative rate and low inter-marker confusion rate 

that can work under adverse lighting conditions irrespective of the orientation of the marker.  
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3. Our Work 

Our aim is to develop an automated stock counting quadcopter that uses visual odometry for its 

navigation. The motion of the quadcopter is estimated by observing the movement of pixels (features) 

across a sequence of consecutive image frames. This movement is captured using a feature tracking 

Optic Flow based algorithm (Lucas & Kanade, 1981). From these optic flow vectors, the pose of the 

quadcopter is estimated. Predetermined waypoints are provided as input and the quadcopter navigates 

along the desired trajectory. This system is implemented on a quadrotor framework and all the image 

processing is performed on-board, eliminating the need of an external operator and off-board 

computation. Along with a marker detection module, this navigation system can be utilized in 

warehouse environments for inventory counting. 

 

3.1. Hardware Assembly 

The first task was the assembly of the quadrotor framework upon which our navigation system was to 

be tested. Components were selected according to compatibility and payload constraints. Fig. 1 shows 

the connection diagram and Fig. 2 displays the assembled quadcopter. 

 

 
 

      Fig. 1: Connection Diagram    Fig. 2: Assembled Quadcopter 
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3.2. Software Module  

The software module was broadly divided into two tasks. 

The first involved the implementation of the visual 

navigation system to achieve autonomy. The second part 

was focused on the implementation of the marker detection 

module for our proposed warehouse application. 

3.2.1. Vision System 

The vision system consists of a monocular camera attached 

to the base of the quadcopter body. This arrangement 

allowed an unobstructed view of the environment below, 

and matched the camera’s centre with that of the 

quadcopter. The images were fed into the flight controller 

whose on-board processor executed the optic flow 

algorithm. The algorithm calculates the median optic flow 

vectors of consecutive images and is used to estimate 

movement. These vectors are fed into the state estimator 

which converts them into real world coordinates describing 

the pose of the quadcopter.  

The task of navigation was further divided into three 

subtasks. The first was feature extraction. Optic flow needs 

reliable features it can track across image sequences. The 

second task was the actual tracking of these features to 

compute the optic flow field vector. The last involved the 

translation of the optic flow vectors into the real world 

displacements that are fed into the controller as input. Such 

a vision system is computationally inexpensive (and hence 

can be performed on-board) and real-time (there is no need 

for the transmission of images). Fig. 3 describes the steps 

involved in the visual odometry process. 

                                    Fig. 3: Vision System Flow Chart 
 

3.2.2 Marker Detection 

For the purpose of inventory counting, a simple but efficient method 

of detecting each box in the warehouse was needed. Object detection 

was a potential but computationally intensive solution. The simpler 

way around the problem was to place fiduciary markers on the objects 

and detect those markers instead. These markers are generated to our 

convenience and placed in any position desired. This reduces the 

complexity of detection, as opposed to correctly identifying and 

matching an unknown object in an unknown environment. The 

markers employed for this purpose are ArUco markers (Garrido-

Jurado, Muoz-Salinas, Madrid-Cuevas & Marn-Jimnez, 2014). Fig. 4 

is a sample of an ArUco marker. The advantage of using ArUco markers 

is that they are rotation invariant. 
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4. Results and Discussion 

4.1. Feature Extraction and Tracking 

The feature tracking algorithm was first implemented on a PC before being loaded onto the quadcopter 

controller. The code was implemented using OpenCV. Figs. 5(a) and (b) describe one of the initial tests 

performed using the PC front camera. The feature points are indicated by red points on the two images.  

 

 (a) Frame 1                        (b) Frame 2       (c) Frame 1   (d) Frame 2 

Fig. 5: (a) and (b) Position of selected feature across two consecutive image frames 
(c) and (d) Display of Optic Flow Vectors 

 

 
4.2. Optic Flow Calculation 

By tracking the features across frames, the median displacement vector, 

or optic flow, was calculated. An external monitor connected to the 

quadcopter was used to display these optic flow vectors at a rate of 1Hz. 

Figs. 5(c) and (d) show the extracted features as purple dots on both 

image frames. The optic flow vectors are shown as small red arrows 

tracing the movement of features across these two consecutive image 

frames. This optic flow data was then used to visualize the pose of the 

quadcopter as displayed in Fig. 6.          

                       Fig. 6: Visualizing Pose  
 

4.3. Trajectory Tracing      

Using these optic flow vectors, the trajectory of the quadcopter was tested by manually moving it along 

a certain path. The distance travelled was visualized on the visualization application RViz provided by 

ROS. The rectangular path traced and visualized is shown in Fig. 7(c). Figs. 7(a) and (b) show the 

indoor setup conditions under which the trajectory test was carried out and visualized. The length and 

breadth of the rectangular path as estimated by optic flow as well as the ground truths are tabulated and 

shown in Table 1. Outdoor testing was also carried out using the same setup but since the results 

achieved from the indoor setup were better, only those have been included. It is to be noted that setups 

with a textured ground surface achieved better results. 
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(a)     (b)                                                    (c) 

Fig. 7: (a) and (b) Indoor Setup (c) Trajectory traced by manually moving the quadcopter 

Table 1: Optic Flow Measurements vs Ground Truth 

 

 
4.4. Marker Detection 

Detection was first implemented on a PC using the secondary monocular camera. The boundary of the 

marker box and the marker ID are displayed on the input video feed and hence provides a visual 

representation of the detection process. The boundary of each marker is outlined in red and the marker 

ID is displayed in light blue text. Figs. 8(a) and (b) show the markers detected in each frame, along with 

the details mentioned above. The outdoor setup for the detection of the ArUco markers is shown in Fig. 

8(c).  

       

(a)    (b)               (c) 

Fig. 8: (a) and (b) Detected Markers (c) Outdoor Setup 

 

5. Summary and Future Recommendation 

A pyramidal implementation of the Lucas-Kanade optic flow algorithm was developed and tested on a 

quadcopter framework. We aim to implement this system for inventory counting in a warehouse 

environment using the ArUco detection module that was developed for recognizing packages and 

keeping a count of them. The final integration of all the modules for autonomous navigation is being 
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tested and its results are being analyzed. To enhance the visual navigation system, obstacle avoidance 

and environment aware SLAM will be the next steps to implement. This would remove the necessity of 

providing a predetermined path to the quadcopter for its navigation. Future work regarding the 

application is to integrate a gripper mechanism into the quadcopter design, expanding the application 

to stock retrieval as well. This would cut-down manual labour costs and operation times. 
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