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 Background of FT-NIRS technology and how it works (physics, 
analytical chemistry, predictive analytics). 

 Successful applications of FT-NIRS age estimation (energy density, 
reproductive status, stock structure) 

 Application of AI & deep machine learning (CNN) with FT-NIRS 
for age prediction.

 Observation and process errors associated with FT-NIRS

 Operational readiness and integration into production

A revolutionary approach for improving age determination 
efficiency in fish using Fourier transform near infrared 
spectroscopy (FT-NIRS)

NOAA Fisheries Strategic Initiative
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2020 2021 2022 2023
Strategic Initiative work flow

Application 
Development

Application 
Implementation

Stock Assessment 
Integration

•Instrument optimization (AFSC, Jan-Mar 2019) for otoliths

•FT-NIRS Workshop (April 2019; SI planning over 5 years)

•Otolith spectra acquisition (3 species per region x 5-years)

•Predictive model development (calibration/validation) 

•Process control, quality control, fault 
detection

•Standards, best practices (simulation)

•AI/Deep machine learning

•Build scientific basis of tech. (publish)  

•Evaluation of assessment model outputs to FT-NIRS 
data 

•Provide FT-NIRS precision & reliability metrics

2024 2025

Discovery 
switchback

Discovery 
switchback

•Integrating technology into current production setting 
(species-specific)

Deployment of 
technology

Panama City 

Beaufort Lab

La Jolla Lab

Santa Cruz Lab

AFSC

NEFSC

SEFSC

NWFSC

SWFSC

PIFSC



Why walleye Pollock & Pacific cod for FT-NIRS application development

# otoliths / FTE / day

Walleye Pollock = 35 – 60 / day
Pacific cod = 25 – 50 / day

Unpublished 
Photo credit: 
Delsa Anderl

FT-NIRS = 50-80 / FTE / hour 
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FT-NIRS proven technology in other industries

% fat content hydrocarbon

Active ingredient

% protein neuroscience

Fisheries biology



NIR Spectroscopy: measurement of intra-molecular vibrations

CH=H N=H

O=H C=H
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How are the molecular motions detected and measured? 

 

InterferometerNIR source
detector

Interferometer

Fourier transform near infrared spectrometer



•Innovation with Integrity

Specular 
Reflection

Fluorescence

Straylight

Transmission

Sample

Near Infrared Light Absorption

Diffuse
Reflection

Interaction of Light and Matter



•Innovation with Integrity

Lambert-Beer‘s Law: Absorption

SampleIreflected

I0

d

ε, cε = mol. Extinction Coeff. 
c = Analyte Concentration
d = Path Length

A = ε c d

Near Infrared 
Light Absorption

A

A = -log IRef/I0



•Innovation with Integrity

Relative Intensities of Infrared Bands

NIR intensity << corresponding Mid-IR.

Therefore, with NIR, the neat sample can be presented to 
the instrument without the need for dilution or small path 
lengths.

NIR:  Sensitive detectors, electronics

Corroborating information from harmonics/overtones.

10/2/2024 10
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What is a near infrared spectrum?
 

Wavenumber cm-1
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Different ages have 
different absorbance 
profiles



Unknown
 Samples

Measured by FT-NIR

Age compositions for assessments

Model 
train/test 

Model 
uploaded to 
instrument

How is fish age predicted from otolith NIR spectra?

 

Samples

Analyzed by Primary     
 Reference  Method (TMA)

Measured by FT-NIR

Calibrate/validate 
Model

Spectral Data

Reference Values (ages)
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Age estimation of red snapper 
(Lutjanus campechanus) using 
FT-NIR spectroscopy: Towards a 
feasibility for fisheries 
management

Ageing fish at the molecular level using Fourier 
transform near infrared spectroscopy (FT-
NIRS): A case study of Pacific cod

Rapid age estimation of longnose skate (Raja rhina) vertebrae 
using near infrared spectroscopy

Classification of fish species from different 
ecosystems using the near infrared diffuse 
reflectance spectra of otoliths









Evaluation of future predictions (model 
performance)

Posterior predictive interval 
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Assessing CNN model performance of future predictions

2019
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Prob (2.5%< xobs > 97.5%) = 0.042

Prob (2.5%< xobs > 97.5%) = 0.049



Lab rearing study at Little Port Walter (AK)

Goldstein et al. AFSC. Unpublished



Quantification of FT-NIRS prediction uncertainty

AFSC Spectroscopy Laboratory



Observation error (instrument + operator) of FT-NIRS

Quantification of FT-NIRS prediction uncertainty



Observation error TMA 

Quantification of FT-NIRS prediction uncertainty



Quantification of FT-NIRS prediction uncertainty

Observation error TMA 



Quantification of FT-NIRS prediction uncertainty



Operational framework 
AGPS

RACE, FMA, 
special collections

(10% -20% double read
subsample)

FT-NIRS ageing
   approach

FT-NIR otolith
   scanning

Evaluate model   
performance 

Edit, QC,
reporting

Stock Assessment
   

• In-scan check (model based) 
• Operator level check 
• Manager level check (PLSr)

Microscopic ageing

Maintaining 
consistency in 
Reference age 
data
 

bad

Maintaining 
consistency in 
spectral data
 

• Database manager 
• Operator 
• Manager
• Analyst
    

Key personnel:

good
QC tools

Update model
   re-calibrate

Model 
validation

• Instrument (operating 
environment) 

• Sample domain shift
• Unobserved variability
    

New ages + 
spectra Reasons to retrain

QC tools

QC tools

QC tools

 Unscanable
 Double reads

N = 1500 - 2000
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