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Asynchronous Communication using ROS between different
independently functioning modules.




ASTAIRE

Autonomous Tilt Augmented Aerial Rotary Vehicle (ASTAIRE)



ASTAIRE

Underactuated Multirotor Control

Navigation Loop
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ASTAIR Fully Actuated Tilt-Quadrotor System




ASTAIRE CONTROL

Fully-actuated Multirotor Control

[ Navigation Loop ]

! !

[ Position Controller ] [ Attitude Controller ]

] o

Tilt Actuators [ Motor Speed Actuators ]
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ASTAIRE ADVANTAGE

Conventional Mode
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HEIGHT AND ATTITUDE ESTIMATION

An Extended Kalman Filter fusion for attitude and height
estimation.

Fusion of accelerometer, gyroscope and magnetometer using
quaternion based framework.

Fusion of sonar and accelerometer data for height estimation.

Median filter for sonar outlier value rejection.
HEIGHT & ATTITUDE ESTIMATOR

Ground

PiXhaWk e NUC Distance
6DOF IMU, “m., Extended Kalman Pxaflow
Magnetometer Filter(EKF)

v

0, ¢, W, Height

Sonar

.

Ref. Krishnraj Singh Gaur, Hardik Parwana, Ajay Bhatt, Gaurav Pandey, Mangal
Kothari, Low Cost Solution for Pose Estimation of Quadrotor, AIAA, SciTech, 2018




HEIGHT ESTIMATION WITHOUT MEDIAN FILTER




HEIGHT ESTIMATION MEDIAN FILTER

Sonar Data —— EKF data Median Filter Boolean Value]
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MARKER DETECTION

We use an external library(zbar) for QR and barcode detection

MARKER DETECTION

( ®

_ﬁ,t ROS Slave
(=] 5 (Ground Station)

- J

4'\\ Marker

& Information

4 )

ROS Master

(Onboard Processor)
Zbar

L)




LINE DETECTION

Image Processing Pipeline for Line Detection

Preliminary Image processing and color based thresholding.
Probable points extraction from the binarized image.

Coordinate transform and clustering of points into two sets, namely

horizontal and vertical lines.
Principal Component Analysis (PCA) to obtain best fit line for each set.

Intersection of the two lines for Cross Detection.




LINE DETECTION

Image Processing Pipeline for Line Detection

Image Image Preliminary Image
Capture Processing

Binary Imagel

(“pomtsGusterng || " hable o)

Principal C"omponent ;
[ Analysis (PCA) H Cross Detection }

Image Capturing and Preliminary Image Processing followed by
Color based thresholding generates a binary image.




LINE DETECTION

Image Processing Pipeline for Line Detection

Image W f Preliminary Image
Capture | | Processing

Binary Image

(o custeing Ja—{ PEPIe PO )

lx, Y clusters

Principal Component .
[ Analysis (PCA) H Cross Detection }

Probable points are extracted using HoughLinesP with line length
thresholds, which are then clustered based on orientation.




LINE DETECTION

Image Processing Pipeline for Line Detection

Image W f Preliminary Image
Capture | | Processing

[ Points Clustering }—[ PrOEinE;iEer]mS }

l X, Y clusters

[ Principal Component

Analysis (PCA) e Cross Detection }

PCA ranks the directions in order of their variance, thus given us
the slope and intercept for the line for each cluster.




LINE DETECTION

Image Processing Pipeline for Line Detection

Image W f Preliminary Image
Capture | | Processing

[ Points Clustering }—[ Proé)xa}[lrjellitlibc?rllnts }

Principal Component
Analysis (PCA) m, c

Cross Detection ]

Cross detection is done using the lines for both the clusters.
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