
X-Class

X-Ray Analysis for Tax Classification of Goods



X-Class

• Naïve Goal
• Use X-ray images of containers to detect tax classification errors.

• Startup Challenges Program
• Solving public problems and fostering startups
• Two years project 

• going on
• to be completed in January 2027

• Inovia
•  https://inoviacorp.ai



Context

• An AI already detects tax code errors since 2014:
• Sisam
• Uses import declaration history

• Tendencies of importers, suppliers, manufacturers, countries, 
• History of detected errors, 
• Description of goods,
• Not images

• Produces error probabilities item by item
• Produce Probabilities of alternative tax codes
• Justifies probabilities in natural language

• All bonded warehouses are forced to send scanner images to 
Brazil’s Federal Revenue Secretariat through an API



Characteristics of the problem
• Difficulties

• Overlap of goods
• 10,000 codes
• Millions of products
• Very similar products
• Labeling without location
• No separation of items

• Extra obstacle
• Sharing data with a startup

• Advantages
• Constant Scale
• Comprehensive labelling
• Sisam as starting point



Real Goal and strategy
• Real goals
• Improve Sisam’s 

probabilities using the 
images

• Provide images to be used 
inside Sisam’s 
explanations

• Strategy
• Sisam reduces the number of candidates 

from 10000 to 10 with probabilities.
• X-Class applies Negotiated Weakly 

Supervised Object Localization
• X-Class produces probability distributions 

for the total weight for each tax code.
• Neural network

• Resembles a transformer, isn’t one.
• The probabilities of the two systems are 

combined
• Monte Carlo Markov Chain Simulation

• Use artificial images



Synthetic data
• We cannot easily share the images

We positioned shapes in a container
• We projected

• We can control complexity.
• Real data will be tested internally



• Negotiated WSOL
• Happy path

• Correct candidate 
is found

• Wrong candidate 
isn’t



Negotiated path
• The correct candidate is found, but 

another candidate is mistakenly 
located elsewhere.

• However, the location of the wrong 
candidate is occupied by another, 
more clearly recognized item.

• The model seeks the best solution for 
all items simultaneously.



Auxiliary model 
for patch weights

• Scanner calibration
• Second dimension for loss function od the 

main model



Some result maps



Handling items of the same tax code

• Sisam produces probability distributions for tax codes item by item
• X-Class produces probability distributions for the total weight goods of 

each tax code.
• We need the most reasonable predictions for each item considering 

both.
• They may rule out or reinforce different hypothesis about the items.
• We can find posterior probability distributions using MCMC simulation.



Expectations
• Not to present a new system 

to custom officers
• They should just notice na 

improvement in Sisam’s 
results.

• Better probabilities
• Better justifications

• Including images


