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Background
● Head deformation in babies
● No robust tool to measure baby heads to detect 

deformity
● Current tool includes manually measuring the 

dimensions using a measure tape
● Currently employed solution by Pediametrix is to 

use computer vision on 2D images to extract the 
shape and thus dimensions necessary to calculate 
indexes like Cranial Index(CI-head breadth/head 
length) and Cranial Vault Index(CVAI- difference 
between two diagonals(yellow) / a diagonal).



● Cannot get more information from 2D images e.g., depth information
● Need 3D spatial data to determine deformity in a complete sense
● Able to construct smooth yet detailed mesh for better inspection
● Current solution only for static scans and doesn’t account for motion

Problem



Technical Approach
● Motion Compensation:

○ Explore different algorithms available and implement on the existing pipeline
○ Loop Closure; Robust 3D registration algorithms, Increasing fps
○ Rigorous testing on phantom to determine performance metric
○ Preparing detailed report of performance of all the algorithms explored

● Evaluation:
○ Use controlled motion on phantom head to simulate head motion
○ Controlling the acceleration and velocity, checking the limit of each till which the 

algorithm gives acceptable results
● Surface Reconstruction:

○ Explore different approaches for surface reconstruction and matching performance of 
each method

○ Current methods employed are at least 20 years old. Test out latest methods and again 
test to see which algorithms perform better in handling noisy motion models.



Current Tech Flow:
● Capture images from different angles in sequence using iPad and sensor
● Send the images to current pipeline hosted on AWS
● Registers using point-to-normal algorithm and generates a surface mesh 

using poisson reconstruction



Deliverables
● Minimum:

○ Data collection at various stages
○ Working pipeline for a few algorithmic approaches
○ Accuracy Evaluation for both static and moving models:

■ < 2 mm average surface distance, ± 2.5% CI/CVAI
● Expected:

○ All of minimum deliverables
○ Testing and documentation of more than 3 algorithms
○ Accuracy Evaluation for both static and moving models:

■ < 2 mm average surface distance, ± 2.5% CI/CVAI
● Maximum:

○ All of expected deliverables
○ Building a simulation environment and pipeline for data extraction for testing using 

CoppelliaSim software



Dependencies(Impact)
Dependency Type Current Status

iPad Hardware Shipped

Occipital Sensor Hardware Shipped

Elliptical Motion Generator Hardware Required

Aurora Sensor Hardware Required

Phantom Heads Hardware Shipped

AWS Software Required

Custom App Software Required



Timeline



Management Plan
● Weekly meeting with Mentors on Tuesday
● Slack channel for communication and sharing files
● Code and version management through GitHub
● All documents shared via Google Drive



Reading List and References
[1]   Chen, P.. (2011). A Novel Kernel Correlation Model with the Correspondence Estimation. Journal of Mathematical Imaging and Vision. 39. 100-120. 

10.1007/s10851-010-0230-6.

[2]   J. Bian, W. -Y. Lin, Y. Matsushita, S. -K. Yeung, T. -D. Nguyen and M. -M. Cheng, "GMS: Grid-Based Motion Statistics for Fast, Ultra-Robust Feature Correspondence," 2017 
IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2017, pp. 2828-2837, doi: 10.1109/CVPR.2017.302.

[3]   Ma, J., Zhao, J., Jiang, J. et al. Locality Preserving Matching. Int J Comput Vis 127, 512–531 (2019). https://doi.org/10.1007/s11263-018-1117-z

[4]   Fitzgibbon, Andrew W.. “Robust Registration of 2D and 3D Point Sets.” BMVC (2001).

[5]   B. Amberg, S. Romdhani and T. Vetter, "Optimal Step Nonrigid ICP Algorithms for Surface Registration," 2007 IEEE Conference on Computer Vision and Pattern Recognition, 
2007, pp. 1-8, doi: 10.1109/CVPR.2007.383165.

[6]   Gelfand, N. & Mitra, Niloy & Guibas, Leonidas & Pottmann, Helmut. (2005). Robust Global Registration. Proceedings of the 3rd Eurographics Symposium on Geometry 
Processing.

[7]   Yefeng Zheng and D. Doermann, "Robust point matching for nonrigid shapes by preserving local neighborhood structures," in IEEE Transactions on Pattern Analysis and 
Machine Intelligence, vol. 28, no. 4, pp. 643-649, April 2006, doi: 10.1109/TPAMI.2006.81.

[8]   Brown, Benedict & Rusinkiewicz, Szymon. (2007). Global Non-Rigid Alignment of 3-D Scans. ACM Trans. Graph.. 26. 21. 10.1145/1275808.1276404.

[9]   R. Sandhu, S. Dambreville and A. Tannenbaum, "Particle filtering for registration of 2D and 3D point sets with stochastic dynamics," 2008 IEEE Conference on Computer 
Vision and Pattern Recognition, 2008, pp. 1-8, doi: 10.1109/CVPR.2008.4587794.

[10] Boughorbel, Faysal & Mercimek, Muharrem & Koschan, Andreas & Abidi, Mongi. (2010). A new method for the registration of three-dimensional point-sets: The Gaussian 
Fields framework. Image and Vision Computing. 28. 124-137. 10.1016/j.imavis.2009.05.003.

https://doi.org/10.1007/s11263-018-1117-z


Reading List and References(contd.)
[11] J. Lee and C. Won, "Topology Preserving Relaxation Labeling for Nonrigid Point Matching," in IEEE Transactions on Pattern Analysis and Machine Intelligence, vol. 33, no. 

2, pp. 427-432, Feb. 2011, doi: 10.1109/TPAMI.2010.179.

[12] W. Lian and L. Zhang, "Point Matching in the Presence of Outliers in Both Point Sets: A Concave Optimization Approach," 2014 IEEE Conference on Computer Vision and 
Pattern Recognition, 2014, pp. 352-359, doi: 10.1109/CVPR.2014.52.

[13] Y. Deng, A. Rangarajan, S. Eisenschenk and B. C. Vemuri, "A Riemannian Framework for Matching Point Clouds Represented by the Schrödinger Distance Transform," 
2014 IEEE Conference on Computer Vision and Pattern Recognition, 2014, pp. 3756-3761, doi: 10.1109/CVPR.2014.486.

[14] Li, Xuelong & Yang, Jian & Wang, Qi. (2018). Nonrigid Points Alignment with Soft-weighted Selection. 800-806. 10.24963/ijcai.2018/111.

[15] Gojcic, Zan & Zhou, Caifa & Wegner, Jan & Birdal, Tolga & Guibas, Leonidas. (2020). Learning Multiview 3D Point Cloud Registration. 10.1109/CVPR42600.2020.00183.

[16] Zhang, Juyong & Yao, Yuxin & Deng, Bailin. (2021). Fast and Robust Iterative Closest Point. IEEE Transactions on Pattern Analysis and Machine Intelligence. PP. 1-1. 
10.1109/TPAMI.2021.3054619.

[17] R. Weng, J. Lu, J. Hu, G. Yang and Y. Tan, "Robust Feature Set Matching for Partial Face Recognition," 2013 IEEE International Conference on Computer Vision, 2013, pp. 
601-608, doi: 10.1109/ICCV.2013.80.

[18]  Misha Kazhdan, Ming Chuang, Szymon Rusinkiewicz, Hugues Hoppe “Symposium on Geometry Processing” 2020.

[19] Michael Kazhdan, Matthew Bolitho, and Hugues Hoppe. 2006. Poisson surface reconstruction. In Proceedings of the fourth Eurographics symposium on Geometry 
processing (SGP '06). Eurographics Association, Goslar, DEU, 61–70.

[20] Kazhdan, Michael & Bolitho, Matthew & Hoppe, Hugues. (2006). Screened Poisson Surface Reconstruction. ACM Transactions on Graphics. 32. 61-70. 
10.1145/1281957.1281965.



Thank you !


