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High-speed film: standard and X-ray 

Lauder and Liem, 1979 Sibbing, 1982 



Digital High-Speed Video 

Tom Roberts 



Problems: 
• many joints not visible 
• skin movement 
• stick figure 

High-speed Video 3D High-Speed Video: MoCap 

Kirk et al., 2005 
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Want to know skeletal motion 



markerless 
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marker-based 
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X-ray Reconstruction of Moving Morphology  
(XROMM) 



Dual Fluoroscopy (X-ray Video) 



Dual Fluoroscopy (X-ray Video) 
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Alligator coracoid bone 

X-ray Reconstruction of Moving Morphology  
(XROMM) 



XROMM 

video by D. Baier 
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Suction Feeding  



Suction Feeding  



X-ray	Reconstruc/on	of	Moving	
Morphology	(XROMM)	

Largemouth	bass	XROMM	anima/on	by	Ariel	Camp	



Camp and Brainerd, ICB 2015 

XROMM	Anima/on	
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Camp and Brainerd 

XROMM	Anima/on	
accuracy	and	precision	<0.1	mm	



Measure	Instantaneous	Rate		
of	Volume	Change	(dV/dt)	

		

Camp, Roberts and Brainerd, PNAS 2015 

Dynamic	Endocast	Method	



Pressure	x	dV/dt		
=	Suc/on	Power		

Camp, Roberts and  
Brainerd, PNAS 2015 



Muscle	Strain,	Velocity	and	Power	Capacity		

Camp, Roberts and Brainerd, PNAS 2015 
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“Swimming	muscles”	power	suc/on	
feeding	in	largemouth	bass		

Camp, Roberts and Brainerd, PNAS 2015 

>95%	of	power	for	high-
performance	strikes	
from	axial	musculature	



Suc7on	feeding	is	powered	by	
“swimming”	muscles	

Camp,	Roberts	and	Brainerd,	PNAS,	May	2015	
n	=	1	out	of	>30,000	species	of	ray-finned	

fishes	



Bamboo	Shark	

Sco>,	Wilga	and	Brainerd,	in	prep	



Pelvic motion in turtles 

Mayerl, Brainerd, and Blob, 2016 



Pelvic motion in turtles 

Mayerl, Brainerd, and Blob, 2016 



Mayerl, Brainerd, and Blob, 2016 

Pelvic motion in turtles 



Mayerl, Brainerd, and Blob, 2016 

Pelvic motion in turtles 



Complexity of XROMM data sets 
framespec file 



CT Scan 



3D models of the bones and beads 



Marker Tracking 



Autodesk Maya Animation 





90	Projects	from	11	ins7tu7ons	





Ben	Knorlein	
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