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Figure 4.1: Flowchar illusratng he radar daa preprocessing and mult‐sage racking algorihm or avian actviy deecton

using he Birdrack® radar sysem.
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Figure 4.5: Visualizaton wih emporal aggregatons.
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Case study 3 - PNTI national park test site
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(a)Mean velociy (in km/h) (b) Sandard deviaton o velocites (in km/h)

Figure 5.1: Evaluaton o rack velocites. Boh mehods presen values wihin he plausible range or ying birds. Due o is

ragmened shorer racks, Birdrack® shows an overall smaller deviaton. Noneheless, OC‐SORT’s deviaton stll presens

isel wihin an accepable range or realistc igh rajecories.

(a)Mean angular change (in radians) (b) Sandard deviaton o angular change (in radians)

Figure 5.2: Evaluaton o angular changes. Boh presen values wihin he plausible range or ying birds (normal disributon

wih 0 mean and small sandard deviaton), which end o move in approximaely rectlinear rajecories wih small angular

adjusmens. Again, Birdrack® shows lower deviaton due o is ragmened racks having shorer lenghs.
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(a)Qualiy scores o individual arges (b)Mean qualiy scores per rack

Figure 5.3: Evaluaton o qualiy scores. I should be highlighed he avorable skew o he proposed algorihm owards higher

qualiy.
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Figure 5.4: Hisogram comparing rack duratons or boh sysems. OC‐SORT shows a very avorable skew owards longer‐

duraton racks. The area under he hisogram or OC‐SORT is 1.64 tmes larger han or Birdrack®, indicatng ha even

hough Birdrack® has more racks in oal, he OC‐SORT racks are o longer duraton achieving higher track×seconds.
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(a) Comparison o larges duraton racks (b) Comparison o smaller duraton racks

Figure 5.5: Comparison o qualiy (inensiy), lengh (widh o each horizonal bar), and quanty (number o horizonal bars)

o Birdrack® (lef o he middle line), and OC‐SORT (righ o he middle line). In his visualizaton, racks were sored by he

oal lengh in descending order. The image was spli in hal or a beer layou, on he lef is he op hal o he lenghier

racks, and on he righ is he boom hal showing he shorer racks. Even hough Birdrack® has more racks in oal, OC‐

SORT presens isel as a more robus algorihm or multple bird racking.
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Figure 5.6: Example o rack ragmenaton in Birdrack® (righ) ha is correcly racked wih he proposed OC‐SORT algo‐

rihm (lef).
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6.1 Conclusions and FutureWork
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Improvement of Radar Data Preprocessing
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Extensive Validationwith Broader Data Sets
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Collaborationwith Ecological Experts
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6.2 Final Remarks
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  T 3D          R 

FA1   3D 

Figure A.1: Radar daa in 3D Caresian coordinaes. In his image tme, in seconds goes rom lef o righ, wih he spatal

coordinaes being on he remaining wo axis. This provides a new way o visualize he radar daa sessions rom a volumeric

poin o view, allowing dieren analysis echniques ha incorporae he emporal dimension.

A.2 Scale-Invariant Feature Transform (SIFT)
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SIFT’s Application and Challenges in Radar Data
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Figure A.2: This gure showcases he resuls o running he SIFT deecor on hree distnc rames. (lef) A clean rame rom

he BSJ projec wihou any dynamic cluer. (cener) Shows he resuls o SIFT deecton on radar rom he BSJ projec

operatng under heavy rain. (righ) SIFT key poins o he Genesis projec under he inuence o rainall and insec clouds.

Conclusion andDecision to Discard SIFT
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A.3 Hierarchical Density-Based Spatial Clustering

(HDBSCAN)
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Visual Representation and Analysis
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(a) 3D plo (b) 2D slice o 3D volume

Figure A.3: (lef) A volumeric represenaton o he radar daa is presened wih tme rom lef o righ and space represened

in he remaining wo axes. Noise was added o he emporal dimension o he session represened as a 3D volume in an

aemp o keep regions o ineres in each rame densiy‐conneced across tme. This leads o a uniorm caegorizaton o

objecs across tme (as shown by he unique colors assigned o hem). (righ) A slice o he volume on he lef demonsraes

he clusering capabilites wihin a single rame.

Decision Against UsingHDBSCAN
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A.4 UniformManifoldApproximationandProjection

(UMAP)
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UMAP’s Principle and Application in Radar Data
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Figure A.4: Diagnostc plos o UMAP on 32x32 RGB crops o he radar images afer emporal conex aggregaton. Smooh

gradiens are good indicaors o high‐qualiy embeddings.
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(a) UMAP projecton o Poincaré’s Hyperbolic Disk.

(b) Radar rame under heavy rain colored by HSV represena‐

ton o he projecton on he lef. Hue and sauraton are de‐

ned as he angle and magniude o he crop’s embedding on

he lef image. Value is se as 1 in his image, bu i can also be

modulaed by he reecton inensites a each poin paintng

a more inormatve picure o he curren rame.

Figure A.5: Using UMAP or eaure visualizaton.

Figure A.6: HSV colorspace represenaton

Future Directions
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A.5 GunnarFarnebäck’stwo-frameDenseOpticalFlow

Estimation
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Challenges and Limitations
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(a) Raw rame or reerence (b)Optcal Flow wih rame delas o (lef) 1, (cener) 10, and (righ) 20.

Figure A.7: Optcal Flow parameer optmizaton

Dense Optical Flow for Clutter Rejection
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(a) Raw rame overlaid wih optcal ow estmaton (b)Masks obained using his procedure.

Figure A.8: Optcal Flow or Dynamic Cluer Rejecton

Reflections
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