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Image matching in photogrammetry
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• Find homologues points between 
images is  the initia l s tep for many 
photogrammetric applications

• Tie points  can be automatically 
extracted with traditional 
approaches  (hand-crafted ), e.g. 
SIFT

• Des pite s ome invariance to 
rotation, illumination, pers pective 
changes , and s cale, traditional 
approaches  fail in challenging 
scenarios
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Example of SIFT matching in challenging scenarios
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Deep learning local features
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DL local features -> open to new applications
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Motivation and objective
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Motivation
Nighttime imagery is  increas ingly us ed in 
divers e applications , s uch as :
• Earthquake damage as s es s ment
• Urban functional zone clas s ification

Accurate analys is  requires  co-
regis tration with corres ponding daytime 
imagery

Objective
Leverage deep learning-bas ed features  to 
achieve accurate automatic co-
regis tration of day-night image blocks  
without GCPs
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Data description
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Two datas ets  over the city of Graz, Austria are employed:
• Daytime RGB imagery - 50 images  acquired us ing the VexcelUltraCam

Dragon 4.1s ys tem 
• Nighttime RGB imagery - 191 images  captured with an IGI DigiCAM

camera

For both datas ets , sensor position and orientation parameters —derived 
from their res pective onboard navigation s ys tems  —are available and 
us ed as  initial approximations in the aerial triangulation process .
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Preliminary study
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ALIKED + LightGlue

SuperPoint + SuperGlue RoMa

Experimental Setup
• Subs et: 9 day/night images
• Tools : DIM library with tiling to handle high-res  

images
• DL features tested : ALIKED + LightGlue, DISK + 

LightGlue, DeDoDe, SuperPoint + (SuperGlue /  
LightGlue), Key.Net + HardNet, LoFTR, RoMa

Key Findings
• No method s ucceeded at full res olution
• Downsampling was  neces s ary to obtain reliable 

matches  
• Only few DL methods produced valid tie points  

(ALIKED, SuperPoint + SuperGlue, RoMa)
• High outlier ratio pers is ted even among 

s ucces s ful methods
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Preliminary study
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DeDoDe - 18 verified matches

ALIKED + LightGlue - 149 verified matches

SuperPoint + SuperGlue - 80 verified matches

LoFTR - 124 verified matches

RoMa - 8625 verified matches
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Preliminary study
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Selected Method 
ALIKED + LightGlue
• Bes t balance of accuracy

and computational time
• Succes s fully oriented the 

full image block
• Fas ter than SuperPoint + 

SuperGlue
• RoMa als o worked but 

was  too computationally 
expens ive

Local features and
matcher

Computation time [s]

SuperPoint + SuperGlue 33.96
SuperPoint + LightGlue 9.44
Disk + LightGlue 9.85
Aliked + LightGlue 8.18
DeDoDe+ LightGlue 35.30
KeyNet + HardNet8 10.44
LoFTR 16.32
RoMa 488.92
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Methodology: workflow 1 - baseline
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ALIKED + 
LightGlue 
bruteforce 
matching

Pycolmap
Optimization 

with pose 
constraints

Day-Night
Image block 
orientation

DIM python 
library

Georeferenced
sparse model

Pycolmap

Two separate 
dense 

reconstructions
for day and 
night blocks

Agisoft
Metashape

C2C distance

C
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ud
 C
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No GCPs 
required
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Methodology: workflow 2 – U-Net enhancement
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U-Net
Image 

Enhancement

ALIKED + 
LightGlue 
bruteforce 
matching

…

Optional augmentation process:
• U-Net network trained on day and night orthophots, predicts night-like 

versions of daytime images
• Applyed before keypoint extraction with ALIKED
• Aims to increase robust tie point detection across modalities Example patches  for 

tra ining
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Example of image enhancement with U-Net
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Results: 2D tie points
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• Many DL features  
were not able to 
extract tie points  
before 
augmentations

• All tes ted DL 
features  
s ignificantly 
increas e the number 
of matched features  
after augmentation 
and manage to 
orient the day-night 
image block
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Results
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• Automatic co-regis tration of day-night image blocks  is  pos s ible with off-the-
s helf pre-trained DL features

• U-Net image enhancement improves :
• Camera pos e accuracy (↓ avg. C2C dis tance by 8 cm)
• Tie point quantity & quality (↑ inliers , ↓ outliers )

C2C error
Original images 1.80 m

U-net 
enhancement 1.72 m

Without U-Net enhancement With U-Net enhancement
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Conclusions
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Key findings :
• Day-night matching is  feas ible with s ome off-the-s helf pretrained DL features , 

but a  s ignificant downs ampling is  needed
• Only limited subset of deep learning extractors  proved effective without 

retraining or image enhancement
• ALIKED + LightGlue Bes t trade-off: matches  vs . proces s ing s peed

Innovation & Impact:
• U-Net pre-processing enables  radiometric normalization
• All 8 tes ted DL-features  worked effectively with U-net enhancement
• Improvement in co-registration accuracy
• No GCPs  needed
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