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TerraNexum has developed a patent-pending quantum module (QM) technology to accelerate the time 

from collecting satellite and aerial imagery to the delivery of actionable results. For the very large images 

used by geospatial imagery analytics providers, processing speedups of 3 to 7 orders of magnitude are 

possible. This requires quantum computing, which has a steep learning curve. In comparison, Docker 

containers are easy to use and are everywhere. Thus, TerraNexum aims to make quantum algorithms 

accessible and as easy to integrate into customers’ processing workflows as Docker containers are 

today, with no quantum knowledge or code changes required. 

The challenge that we want to solve for our customers, especially for geospatial imagery analytics 

providers serving their customers in sustainability and resilience, is how they can scale efficiently to serve 

their present and future customer demand. Customers today are wanting faster results over wider areas 

without losses of accuracy and tomorrow they will want more. However, there are limitations to what is 

achievable using even the highest-end cloud computing systems, which still employ classical computing. 

Our customers are primarily geospatial imagery analytics providers, seeking to upgrade or expand their 

current image processing pipelines or to build new ones. Instead of buying greater quantities of new 

computers to obtain a small speedup of processing time, much larger speedups can be obtained using 

the same computers, with our QMs inserted into their current processing workflows to replace the steps 

that are bottlenecking their whole pipeline. One such step is orthorectification, and there are other steps 

such as image matching and image classification that can also be accelerated.  

Much greater speedups are possible with QMs at a fraction of the cost spent on upgrades, which will still 

not achieve the speedups desired in most cases. Since the amount of acceleration depends on image 

size (number of pixels) and the number of image bands (wavelengths used for detection), customers who 

can benefit most will be those with heavy image processing needs – such as those performing land cover 

classification at the scale of a small country at 2-meter resolution. This can take days to achieve a final 

mosaic close to 2 terabytes in size. We would like to shorten the processing time to that of a 10-minute 

coffee break.  

 

The following non-confidential diagrams are designed to provide greater technical background on our 

QMs. For additional information or questions, please use the contact information below, or find time on 

our calendar at https://calendly.com/terranexum. Also follow our progress and latest developments on 

LinkedIn at https://linkedin.com/company/terranexum. 
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Typical QM Steps 

 

1 Converting an input image into a quantum image representation (QIR) 

2 Quantum feature selection 

3 
Quantum operation that uses the selected features to perform the 
customer’s desired task  

4 Measuring the results and converting them to the desired output format  

 

1 – Quantum Image Representation 

 

Characteristics of our top 3 QIR algorithms for grayscale images 

 

Color encoding 
Position 
encoding 

Complexity Retrieval 
Required 

qubits 
C Q C*Q 

quantum 
sequence -> 

grayscale 

2 quantum 
sequence 

O( q(n1+n2) / 
2^(n1+n2+1) ) 

Deterministic 
2n+8(G), 

2n+10(RGB 
4.47E

-08 
40 

1.79E-
06 

quantum 
sequence -> 

grayscale/RGB 

2 quantum 
sequence 

O(m*n*(2^n)) Deterministic 
n+8(G), 

n+10(RGB) 
8.39E
+06 

24 
2.01E
+08 

quantum 
sequence -> 

grayscale/RGB 

3 quantum 
sequence 

O(m*n*(2^n)) Deterministic 
n+3(G), 

3n+9(RGB) 
1.05E
+06 

19 
1.99E
+07 

 

 

Characteristics of our top 3 QIR algorithms for color (RGB) images 

 

Color encoding 
Position 
encoding 

Complexity Retrieval 
Required 

qubits 
C Q C*Q 

quantum 
sequence -> 

grayscale 

2 quantum 
sequence 

O( q(n1+n2) / 
2^(n1+n2+1) ) 

Deterministic 
2n+8(G), 

2n+10(RGB 
4.47E

-08 
42 

1.88E-
06 

quantum 
sequence -> 

grayscale/RGB 

2 quantum 
sequence 

O(m*n*(2^n)) Deterministic 
n+8(G), 

n+10(RGB) 
2.52E
+07 

26 
6.54E
+08 

quantum 
sequence -> 

grayscale/RGB 

3 quantum 
sequence 

O(m*n*(2^n)) Deterministic 
n+3(G), 

3n+9(RGB) 
3.15E
+06 

57 
1.79E
+08 
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2 – Quantum Feature Selection 

 

Number of 
features N 

Sample set 
size M 

Classical 
Version - 

O(NM) 

Quantum 
Version - 

O(M) 

Speedup 
Factor 

1 1 1 1 1 

1 10 10 10 1 

1 100 100 100 1 

1 1000 1000 1000 1 

10 1 10 1 10 

10 10 100 10 10 

10 100 1000 100 10 

10 1000 10000 1000 10 

100 1 100 1 100 

100 10 1000 10 100 

100 100 10000 100 100 

100 1000 100000 1000 100 

1000 1 1000 1 1000 

1000 10 10000 10 1000 

1000 100 100000 100 1000 

1000 1000 1000000 1000 1000 
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3 – Quantum Processing of Selected Features 

 

The table below provides speedup factors associated with affine transformation, a common process in 

image processing. It is used for orthorectification, a very slow operation that satellite and aerial imagery 

providers must perform to deliver the highest accuracy results. 

 

n 
Pixel Count 

 (2^n x 2^n) 

Classical 
Version - 

O(n*2^(2n)) 

Quantum 
Version - 

O(n) 

Speedup 
Factor 

2 16 32 2 16 

2 16 32 2 16 

2 16 32 2 16 

2 16 32 2 16 

4 256 1024 4 256 

4 256 1024 4 256 

4 256 1024 4 256 

4 256 1024 4 256 

8 65536 524288 8 65536 

8 65536 524288 8 65536 

8 65536 524288 8 65536 

8 65536 524288 8 65536 

16 4.29E+09 6.87E+10 16 4.29E+09 

16 4.29E+09 6.87E+10 16 4.29E+09 

16 4.29E+09 6.87E+10 16 4.29E+09 

16 4.29E+09 6.87E+10 16 4.29E+09 

 

4 – Measuring the Output 

 
QMs must do some processing to convert the quantum answer into a classical answer. This is done 

through measurement, which can vary in quantity to meet a customer’s desired accuracy threshold.  

No speedup projections are provided for this step because measurements do not provide speed 

increases. Also, customers will likely have different output format needs. 
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Use Case: Accelerating Orthorectification 

 

The tables below demonstrate how accelerations of 3 to 7 orders of magnitude are possible. In both 

cases, a 65536 x 65536 RGB image with 1000 features is considered. 

 

This first table is for a QM performing affine transformation using a 26-qubit representation. 

 

 CA Time QA Time 

Conversion to a quantum image 
representation (QIR) 

n/a 0 GNEQR 2.52E+07 

Quantum feature selection CRA 1.00E+06 QRA 1.00E+03 

Quantum geometric transformation (affine 
transformation) 

CA 6.87E+10 QA 16 

Conversion back to classical image 
representation 

n/a n/a n/a n/a 

Total  6.87E+10  2.52E+07 

Speedup    2726 times 

 

 

This second table is for a QM using a different affine transformation algorithm requiring 42 qubits. 

 

 CA Time QA Time 

Conversion to a quantum image 
representation (QIR) 

n/a 0 INEQR 4.47E-08 

Quantum feature selection CRA 1.00E+06 QRA 1.00E+03 

Quantum geometric transformation (affine 
transformation) 

CA 6.87E+10 QA 16 

Conversion back to classical image 
representation 

n/a n/a n/a n/a 

Total  6.87E+10  1.02E+03 

Speedup 
   

6.76E+07 
times 
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