
Thin-Plate Spline-based Interpolation for Animation Line Inbetweening

Tianyi Zhu, Wei Shang, Dongwei Ren* , Wangmeng Zuo 
Harbin Institute of Technology, China



Abstract
● Animation line inbetweening is a crucial step in animation production aimed at enhancing animation fluidity by predicting 

intermediate line arts between two key frames.

● Chamfer Distance (CD) is commonly adopted for evaluating inbetweening performance. Despite achieving favorable CD values, 

existing methods often generate interpolated frames with line disconnections, especially for scenarios involving large motion. 

● we propose a simple yet effective interpolation method for animation line inbetweening that adopts thin-plate spline-based 

transformation to estimate coarse motion more accurately by modeling the keypoint correspondence between two key frames, 

particularly for large motion scenarios.

● Building upon the coarse estimation, a motion refine module is employed to further enhance motion details before final frame 

interpolation using a simple UNet model. 

● we refine the CD metric and introduce a novel metric termed Weighted Chamfer Distance, which demonstrates a higher consistency 

with visual perception quality. Additionally, we incorporate Earth Mover's Distance and conduct user study to provide a more 

comprehensive evaluation.
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Method
● Limitations in Existing Methods and Metric

○ Chamfer Distance (CD)

○ improved metric dubbed Weighted Chamfer Distance (WCD)



Method
● Thin-Plate Spline-based Inbetweening Method
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Interpolation (eccv 2022)



Method
● Loss Function

dt: the difference between the distance transfor map of predicted frames 
and the ground truth.
cnt: better inbetweening results usually yield a sum of effective pixels 
roughly equivalent to that of the ground truth.
bi: To make the resulting line art clearer, we add binarization loss Lbi to 
encourage the network to generate black or white pixels
lpips: we adopt LPIPS loss Llpips to improve the perceptual quality of line 
art.



Experiments
● Implementation Details

○ GlueStick [19] as our keypoints matching model.

○ MixiamoLine240 Dataset

○ We set the frame gap N = 5 during training, and tested on the test set with the gaps N = 1, 5, 9.

○ we applied random temporal flipping

○ NVIDIA RTX A6000 GPU



Experiments
● Evaluation Metrics

○ PSNR and SSIM [32] are common evaluation metrics in video interpolation tasks but they often fall short when 

applied to animation videos

○ Previous works have adopted CD as the evaluation metric

○ To address the shortcomings of the inappropriate metric, we introduce an improved metric based on CD for 

evaluating line art visual quality, called WCD

■ a weighted factor H(b0, b1) ∈ [0.5, 1] derived from the difference between the effective pixels of the 

two line art images. Furthermore, we apply a non-linear softplus function mapping G(·) to the values 

obtained from the distance transform, imposing a greater penalty on values with larger distance.

○ EMD [1, 16], a metric commonly used in 3D point cloud representation, to assist in the assessment of line art 

quality.

○



Experiments
● Comparison with State-of-the-arts



Experiments
● User Study

○ we conducted a user study involving 20 participants. Each participant was presented with 50 sets of images 

randomly selected from the results of EMA-VFI, AnimeInbet, and our method.

○ The ratio of frame gap choices was 20% for 1, 60% for 5, and 20% for 9.



Experiments
● Ablation Study



Conclusion
● we propose a novel framework for addressing the animation line inbetweening problem based on 

raster images. 

● leveraging thin-plate spline-based transformation, more accurate estimates of coarse motion can be 

obtained by modeling point correspondence between key frames

● we introduce an improved metric called WCD that aligns more closely with human visual perception

● Our quantitative and qualitative evaluations demonstrate the superiority of our method over existing 

approaches, highlighting its potential impact in relevant fields.


