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Equivariance for robustness to 
color variations

Our key contributions are:
• Networks that are equivariant to shifts in hue and 

saturation.
• Networks that perform on par or better than 

conventional architectures in the presence of unseen 
color combinations.

• Networks produce interpretable feature 
representations.

Hue and saturation group
Hue group and group action. In the HSL color space hue 
can be identified with the 2D rotation group. we identify 
elements of the discretized hue group, 𝐻𝑁, with those of 
the cyclic group 𝐶𝑁. For image 𝑥 = 𝑥ℎ, 𝑥𝑠, 𝑥𝑙 , the action 
of an element ℎ𝑖 of the hue group 𝐻𝑁 is given by

𝜑ℎ ℎ𝑖 , 𝑥 = ( 𝑥ℎ + ℎ𝑖 (mod 255), 𝑥𝑠, 𝑥𝑙)

An element of the hue group acts on a function 𝑓 =
(𝑓1, 𝑓2, … , 𝑓𝑁) on the discrete hue group by the group 
action

𝜙ℎ ℎ𝑖 , 𝑓 = (𝑓 1+𝑖 mod 𝑁 , … , 𝑓𝑁+𝑖 mod 𝑁 )

Saturation group and group action. We use the group 
structure of (ℝ,+) and consider a finite subset of the 
group. For image 𝑥, the action of an element 𝑠𝑖 of the 
saturation group 𝑆𝑁 is given by

𝜑𝑠 𝑠𝑖 , 𝑥 = (𝑥ℎ, min 𝑥𝑠 + 𝑠𝑖 , 255 , 𝑥𝑙)

An element of the saturation group acts on a function 𝑓 on 
the discrete saturation group by the group action

𝜙𝑠 𝑠𝑖 , 𝑓 = (𝑓 1+𝑖 , … , 𝑓𝑁 , 0, … , 0)

Hue-Saturation group and group action. For image 𝑥, the 
action of an element (ℎ𝑖 , 𝑠𝑗) of the hue-saturation group 
𝐻𝑁 × 𝑆𝑁 is given by

𝜑ℎ𝑠 ℎ𝑖 , 𝑠𝑗 , 𝑥 = 𝜑ℎ ℎ𝑖 , 𝜑𝑠 𝑠𝑗 , 𝑥

An element of the hue-saturation group acts on a function 
𝑓 = (𝑓11, … , 𝑓1𝑀 , 𝑓21, … 𝑓𝑁𝑀) on discrete hue-saturation 
group by group action

𝜙ℎ𝑠 ℎ𝑖 , 𝑠𝑗 , 𝑓 = 𝜙ℎ ℎ𝑖 , 𝜙𝑠 𝑠𝑗 , 𝑓

Lifting layer. Lifting to the group in our implementation is 
achieved by transforming the images rather than the 
filters

𝑓1 𝑔𝑥,𝑗 = 𝜑ℎ(ℎ𝑗 , 𝑓
0)(𝑥)

Hue MNIST: Global hue equivariance

3DShapes: Local hue equivariance

Camelyon17: Saturation shift in the 
wild

CIFAR-10: Color shift in the wild
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Group equivariant 
networks have seen 
limited application in 
the context of 
perceptual quantities 
such as hue and 
saturation, even though 
their variation can lead 
to significant reductions 
in classification 
performance.

Figure 1. Equivariance of our hue 
equivariant model.

Figure 2. Lifting layer. An input image (left) is “lifted” to the hue-

saturation group (right) by shifting its hue and saturation values.

Figure 3. Hue shift MNIST feature map visualization.

Figure 4. Comparison of feature maps for equivariant and non-equivariant architectures.

Figure 5. Hue-shifted 3DShapes dataset.

Figure 7. CIFAR-10 automobile class sorted by hue.

Figure 6.  Camelyon17 Dataset.
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