Pilot Intelligence Laboratory

KiTRRER RERAN S hsEIG =

37

NORTHWESTERN POLYTECHNICAL UNIVERSITY

% AHLSCH b

FILT AL A — IS

http://www.adv-ci.com



® Small, cheap

® No pilot

® Convenient

® Strong survivabilit

® Aerial photograph
® Attack

® Air platform

® General aviation
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Yong Zhao, et al., General SLAM Framework and Benchmark, ICCV 2019

https.//github.com/zdzhaoyong/GSLAM
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| (1) G-SLAM - PI-SLAM

Pilot Intelligent SLAM
( PI-SLAM )

https://qgitee.com/pi-lab/pi-slam
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| (2) MapFusion
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(2) MapFusion — Map2DFusion

Map | SLAM = AHRS 3D Viewer |

GPS(nSat=12, HDOP= 1.8, FIX=3)

BatV= 23.08, Distance=( 518.8, 640.0)
VelH=  9.90, Ve -0.07

RSSI=126( 27.7%), 135( 34.6%)
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Map 108.776278. 34.034204 : ..
RSS! 126( 27.7%). 135( 34.6%)
|| uav_Ait 807.57, 400.37
UAV Dis 518.8 (640.0)
UAV_GPS 12, 3D-fixed, 1.8
UAV_Mode | AUTO, Armed, ACTIVE
UAV Time  2016-01-18 15:13:40.825 ...
| | uav_vel 9.90, -0.07
UAV bTime  33:28.499
UAV_bat 23.08V. 0.0A, 99.0%
UAV_curWP 4
LAV _headina 145

Shuhui Bu, Yong Zhao, et al., Map2DFusion: Real-time Incremental UAV Image Mosaicing based on Monocular SLAM, IROS, 2016
http.//www.adv-ci.com/blog/projects/map2dfusion/ 17




I (2) MapFusion — Map2DFusion
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Feature based Visual SLAM
System: PI-SLAM

Automatic GPS and video
synchronization: a graph based
optimization is proposed to
synchronize video time with GPS
time from coarse to fine.

Real-time orthoimage blender:
an adaptive weighted multi-band
method to blend and visualize

images incrementally in real-time.

Shuhui Bu, Yong Zhao, et al., Map2DFusion: Real-time Incremental UAV Image Mosaicing based on Monocular SLAM, IROS, 2016
http.//www.adv-ci.com/blog/projects/map2dfusion/
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(2) MapFusion - Map2DFusion

Shuhui Bu, Yong Zhao, et al., Map2DFusion: Real-time Incremental UAV Image Mosaicing based on Monocular SLAM, IROS, 2016
http.//www.adv-ci.com/blog/projects/map2dfusion/




(2) MapFusion — TerrainFusion

TerrainFusion: Real-time Digital Surface Model
Reconstruction based on Monocular SLAM

Wei Wang, et al., TerrainFusion:Real-time Digital Surface Model Reconstruction based on Monocular SLAM, iROS 2019



| (2) MapFusion - TerrainFusion
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* Realtime 2.5 DSM generation -+ Large area support
* Improved DOM quality « Adaptive quality support

Wei Wang, et al., TerrainFusion:Real-time Digital Surface Model Reconstruction based on Monocular SLAM, iROS 2019



(2) MapFusion — DenseFusion

DenseFusion: Large-Scale Online Dense Pointcloud and
DSM Mapping for UAVs

L Chen, Y Zhao, S Xu, S Bu, P Han and W Gang
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Lin Chen, et al., DenseFusion: Large-scale Online Dense Pointcloud and DSM Mapping for UAVS, iROS 2020 23
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Yong Zhao, et al., RTSfM : Real-time Structure from Motion for Mosaicing and DSM Mapping of Sequential Aerial Images with Low Overlap, IEEE TGRS, 2021
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| (2) MapFusion - RTSfMFE A#|SCRT = 4852

SE AL A T

W BTV pun
)

BREE L | BREEZEN
[ !

BRI S = W IS s
=l
ik

etk

i
i

| BREREE

T wmmEe ) mEAsM ) ENEERS
A || AT Mt 1
| v
s ||| RERE %‘fiﬂiﬁﬂﬁﬁ
=) @

| \emEmrem ) F#osm
i v v
i s

1 I_J%Z&IE%I. )

Yong Zhao, et al., RTSfM : Real-time Structure from Motion for Mosaicing and DSM Mapping of Sequential Aerial Images with Low Overlap,
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Y. Zhao, G. Liu, et al., Real-Time Orthophoto Mosaicing on Mobile Devices for Sequential Aerial Images
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| (2) MapFusion
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Y. Zhao, G. Liu, et al., Real-Time Orthophoto Mosaicing on Mobile Devices for Sequential Aerial Images with Low Overlap, RS,2020
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|(2) MapFusion - B REEES X FSIEHSEE
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| (2) MapFusion - BFE=kERBENESE
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Pix4DMapper failed to
process this sequence
since the low FOV.

HighStitch(prior-only) HighStitch(full-optimize) Pix4DMapper AutoStitching

Y. Zhao, S. Xu, S. Bu, H. Jiang and P. Han, "HighStitch: High Altitude Georeferenced Aerial Images Stitching for Rocking Telephoto Lens," in IEEE Journal 29
of Selected Topics in Applied Earth Observations and Remote Sensing, doi: 10.1109/JSTARS.2021.3124745.



I (2) MapFusion - IE{EiHH
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I ( 3) Smart Analysis ( EgEDHT)
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I ( 3) Smart Analysis — 44548

Fisher Discrimination

ictionary Learning

Visual Features

Training samples
Extraction

Ground truth

Linear SVM training
Visual attention

Overcomplete

dictionary

Training samples

Train an overcomplete
dictionary based on the
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Fisher discrimination

o
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o

Test image Saliency map ROI detection

ROI detection

Detection results

Sparse coding for
each sliding window
Compute
discriminant residual

Object detection

Target Detection
Based on LLC

Target Detection
Based on BOW

Target Detection
Based on pHOG.

Ke Li, et al., “Rotation-Insensitive and Context-Augmented Object Detection in Remote Sensing Images,” IEEE Transactions on Geoscience and Remote Sensing, 2018
Ke Li, et al, “Multi-modal feature fusion for geographic image annotation,” Pattern Recognition, 2018

Shuhui Bu, et al. Pattern Recognition, 2016.
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I ( 3) Smart Analysis — 44548

MERINRbE BN

Pinmo Tong, et al. Counting trees with point-wise supervised segmentation network, Engineering Applications of Artificial Intelligence, 2021.
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( 3) Smart Analysis - Z&&i
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Suicheng Li, et al, “Change detection in images using shape-aware siamese convolutional network,” Engineering Applications of Artificial Intelligence, 2020
Shuhui Bu, et al., Pixel-level Semantic Change Detection using Mask-CDNet, 2019
Pengcheng Han, et al. “Aerial image change detection using dual regions of interest networks,” Neurocomputing, 2019
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I (4) Intelligent Control ( &gei=Hl )
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I ( 4) Intelligent Control — =Sithif}aE]
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REHAN

UAV / UGV / Robot

Cluster and Cooperation

Situational
Awareness

s N

Complex
Environmen
t, Cluster
Navigation

Target
Identificatio
n’
Localizatio
n...

~

Surveillanc
e

Damage
Assessment

 IMU & SLAM for robust estimating position and attitude
* Realtime and fast 2D/3D environment mapping
» Object detection / segmentation / change detection / localization

from realtime maps
* Multi-sensor fusion and integration
* Mapping architecture for cluster / edge platforms
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I One more thing
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