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Cloud Mediated Nature Observation

= From Teleoperation to Cloud Robotics
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teleoperation: related work

Tesla, 1898

Goertz, ‘54

Mosher, ‘64
Tomovic, ‘69
Salisbury,Bejczy, ‘85
Ballard, ‘86

Volz, '87

Sheridan, ‘92

Sato, '94

Goldberg, '94-
Presence Journal ‘92-
O. Khatib, et al. ’96
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Frame Selection Problem: Given n requests,

10



frame selection algorithms

Processing Zoom Type Complexity
Centralized Discrete Exact O(rP)
Centralized Discrete Approx O(nk log(nk)),
=(log(1/€)/eF
Centralized Contin. Exact O(rP)
Centralized Contin.  Approx O((n+ 1/£% log? n)
Distributed Discrete Exact Server: O(n),
Client: O(n)
Distributed Contin.  Approx Server: O(n),
Client O(1/%)
p-Frame Discrete Approx  O(n/s3 + p? /£6)

Sharing a Vision
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Detecting Rare Birds

Low occurrence (e.g., <10 times per year)
Short duration (e.g., < 1 sec. in FOV)

Huge video data for human identification.
Setup and maintenance in remote environments.




Natural cameras

Crittercam
DeerCam

Africa web cams at the Tembe
Elephant part

Tiger web cams

James Reserve Wildlife
Observatory

Crane Cam

Swan Cam
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Related Work

* Motion detection and tracking

— Elgammal, Grimson, Isard ...

* Periodic motion detection

— Culter, Ran, Briassouli ...




Bird detection problem

* Input

— targeted bird body length I, and speed range
V= [Vmin 1Vmax] .

— a sequence of n Images containing a moving object

| A&_‘: ’
-

— to determine if the object is a bird of targeted species

* Output






Modeling A Flying Bird

I D, P = [xay: Z]T v = [i‘)ya Z]T

~/ Kinematics: % = [ 5 ] = [,9,%0,0,07 = | ¥ ]

| 0
X=X /|| V] ]
Tail: Py, =[xy, z'T =|y-yl, /|| V]|
L z=2, |l
fx/z fx/z
Pin-hole model:| z = Tyl = Tyl 4w
fat/zt fﬁ : Zﬁfff
fyt/=t fUr=

camera center = h(x)+w



PODS-EKF Approximate Computation

7" =argmin g(X™")

z(k)e 300

Subject to:

K(klk —1) = A(k)&(k — 1]k — 1),
P(klk —1) = A(k)P(k — 1|k — DAT (k) + Q(k),

! € 200}
(k) = P(klk — 1)HT (k) é
H(k)P(k|k — 1)HT (k) + W (k)’ =
X(klk) = %(klk — 1) + K(k)(z(k) — h(X(k|k — 1))), §
P(k|k) = (Toxe — K (k)H (k) P(k|k — 1), &

1:in Iin In 100}
75 ={Z"" | z(k) e S(k) and £(X*") < 5}

[v(rln)|| € V

Dezhen Song and Yiliang Yu, A Low False Negative Filter for Detecting Rare Bird Species from Short Video Segments
using a Probable Observation Data Set-based EKF Method, IEEE Transactions on Image Processing, vol. 19, no. 9, Sept.
2010, pp. 2321-2331




Experiments and Results

e Testing phase: May
2006 to Oct. 2006 in
Texas A&M campus

e Field phase: Oct. 2006
to Oct. 2007 in
Brinkley, AR




ROC Curves for Rock Pigeon
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Area under ROC curve: 91.5% in Simulation; 95.0% in Experiment.














http://www.c-o-n-e.org/acone/public/single frame full sized/cam1_12132006_08-53-38-797_e0002005.JPG



http://www.c-o-n-e.org/acone/public/single frame full sized/cam1_02272007_09-57-16-202_e0002004.jpg



http://www.c-o-n-e.org/acone/confidential/single frame full sized/cam0_02162007_15-38-50-012_e0002007.jpg

Results:

o Sensitivity: <10% false negative rate
e Data reduction:
e 146.7MB out of 29.41TB raw data
e data reduction rate 99.9995%
e Robustness: running continuously in the

Arkansas wilderness for 12 months



Observation site 1 Clouds
|

Targeted species with
a miniature
radio transmitter

& : Cléud servers
Aafesd I

|
AN = i
Networked robotic radio -ien scientists -

Animal mounted sensors antennas and cameras




Observation site 1 Clouds
|

Targeted species with
a miniature
radio transmitter

‘ ) . .
_ (.:)’ Networked robotic radio Citizen scientists
Animal mounted sensors antennas and cameras




Copyrighted Material

OF THE

Mid-Atlantic

Birds of the Texas Coastal Bend
Abundance and Distribution

wy John H Rapp e asn Gene W, Blacklock

-
e

JOHN H. RAPPOLE




Welkcome Chat Gallery SCore Statistics

Refresh pres | next Show Categories
|
oo
Wy
-l 2
Poes A
LU
AT,
1 ¢ -~
txbird ) ka
1
—— ——
- g - g
‘. S y ¥ I
3 ! - :
JL\ " 9 .  \ . -
r_ ° (L \ L = I\
"l - '. X 3 ‘g‘ - N
L (' ,/,:»-"‘ Q"‘
R e s/
“ﬂ.-}f ' el ) Lt
J v | | 1 o ! s L rling 1IN 1 it ng

Tutorial FAQ About Blog Search Chat History




Welcome | Chat Gallery Score statistics

2/19/09 9:47am by kryptonkay Rating(5) L0 6 & B

eyes22blue says:
beautitul! the colour and the

pose! *-*

vanilla says:

Sweet!

birdbrain says:

Cireat!!!

avatary? says:

Nice one., KK

Northern Cardinal / Cardinalis cardinahs

Animal: | Birds
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M Northern Cardinal

M Red-winged Blackbird

M Brown-headed Cowbird

M Javelina

M No Classifiable Species

M Buff-bellied Hummingbird

M Black-chinned Humminghird

M Barred Owl

M Northern Mockingbird

M American Goldfinch
Golden-fronted Woodpecker

M Insect

M Green Jay

M Inca Dove

B White-tail Deer
M Bronzed Cowbird

M Raccoon
M Chipping Sparrow
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M Feral Hog
B Ruby-throated Humminghbird
M Fox Squirrel
M Great Kiskadee
Painted Bunting




Green Jay / Cyanocorax vacas
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Crowd Sourced Videos

« Examine wing-flapping motion
— Wing beat frequency Is unique for each species




Wing Kinematic Model
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Sample Results

Seagull: Mean  2.74 Hz
08: S.D. 0.22 Hz
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Wen Li and Dezhen Song, Automatic Bird Species Detection from Crowd Sourced Videos, IEEE
Transactions on Automation Science and Engineering (T-ASE) (Accepted, To appear)




What is More about Cloud?
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Cloud Science?

. . /
* Understanding system of systg@s |

— Integrating sensor/robot/hu “‘};} \
— Large scale AND fine gran| rities

— ldentifying relationships between
Isolated observations

— Modeling, model genera’:ion, mo
verification at different granulag
— Prediction: Recognizing “Butter
Effect”







Assumptions

e Static monocular camera

— High resolution
— Narrow FOV

 Single bird in FOV
— Motion segmentation

« Constant bird velocity
— High flying speed
— Narrow camera FOV




