
Backgrounds:
Transparent candies, such as jelly, are popular for their beautiful appearance.
They refract incoming light and produce caustic patterns in their surroundings.
However, modeling jelly shapes to provide specific caustic patterns is challenging.

Goal:
To create jellies with desired caustic patterns.

Approach:
We optimize jelly shapes using differentiable rendering to provide desired caustic patterns.

Results and DiscussionMethod

Future Work

•   We created jellies with various caustic patterns (see above).
•   We produced jellies with and without the smoothing 
  term to evaluate its effectiveness.

•   When employing the smoothing term, we obtained a 
  smoother shape, resulting in clearer caustic patterns.

•  Produce more precise caustic patterns for target images 
 with gradients.

•  Generate colored caustic patterns.

•  Investigate the minimum thinness and complexity of 
 caustic lines that our method can reproduce.
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We fabricate a mold of 
the optimized jelly shape 
using a 3D printer.

)o mold 3D printing

We create jelly using 
the mold and illuminate 
it to visualize the 
caustic pattern.

)p jelly making

We iteratively update 
the jelly shape using 
Mitsuba 3[1] to minimize 
the following function.
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Figure 2: Work�ow of jelly creation.

of the jelly (Fig. 2b). In this setup, we optimize the jelly shape�
such that the caustic pattern� � � � generated by� on the screen
closely matches the target image�� , as,
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where the second term is for smoothing the shape,� � v� � represents
the Laplacian for a vertexv� of � , and� is a coe�cient. Due to the
soft nature of jelly, making sharp shapes is di�cult; this smoothing
term ensures that the resulting shape is smooth and feasible for
representation with jelly.

We solve this optimization problem using the widely-used open-
source di�erentiable renderer, Mitsuba 3 [Jakob et al. 2022]. In our
implementation, we utilize a height map texture to represent the
deformation of the jelly shape and iteratively update the height map
during optimization. The second term in Eq.(1)is approximated by
applying the Laplacian �lter to the height map. Additionally, we
employ hierarchical coarse-to-�ne optimization by upsampling the
height map at speci�c intervals.

In our experiment, we utilize the Adam optimizer with a learning
rate of3�0 � 10� 5 and perform 1000 iterations. We set the number
of rays per pixel during rendering to 256,� to 1�0 � 107, and the
refractive index of the jelly to 1.35.

Given an optimized jelly shape, we constructed a jelly mold
model and fabricated it using a consumer-grade 3D printer, Creality
Ender-3 S1 Pro, and PLA material. Subsequently, we created jelly as
follows: we dissolved 12 g of agar and 45 g of granulated sugar in 300
ml of hot water, heating the mixture until fully dissolved, and then
solidi�ed it using the mold. Although we used a fused deposition
modeling printer in this work due to its ease of fabrication, we will
continue to explore alternative printers for more precise modeling
in the future.

3 RESULTS AND DISCUSSION
To evaluate the feasibility of our method, we created jellies with
various caustic patterns, such as line drawings and characters. Fig.
1 presents photographs of three jellies with their target images and
initial shapes. These results indicate that our method enables the
creation of jellies with distinct caustic patterns.

In our experiment, we used a computer equipped with an AMD
Ryzen 9 3900X and a GeForce RTX 2070 SUPER. The optimization
process described in Eq.(1)took less than 10 min, which we think
a reasonable computation time for modeling new jelly shapes.

Figure 3: Side-by-side comparison between jelly shapes with-
out the smoothing term (a, b) and with the smoothing term (c,
d). Panels (a, c) depict the top surfaces of the 3D mold models,
while panels (b, d) show actual jellies with caustic patterns.

To validate the e�ectiveness of the smoothing term in Eq.(1), we
produced jelly molds and jellies with and without the smoothing
term. Fig. 3 provides a side-by-side comparison. When the smooth-
ing term was not applied (Fig. 3a, b), the resulting model exhibited
sharp shapes that were di�cult to represent with jelly, leading to
noisy caustic patterns. Conversely, when employing the smoothing
term, we obtained a smoother shape, resulting in clearer caustic
patterns (Fig. 3c, d).

4 CONCLUSION
In summary, we have introduced a method for designing jelly shapes
with desired caustic patterns. We formulated an optimization prob-
lem that considers caustic patterns and surface smoothness, uti-
lizing di�erentiable rendering to solve it. The creation of jellies
with various caustic patterns demonstrates the feasibility of our
approach. One future work involves investigating the minimum
thinness and complexity of caustic lines that our method can repro-
duce. Additionally, we would like to extend our method to produce
more precise caustic patterns for target images with gradients, gen-
erate colored caustic patterns, and provide edible tags.
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