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Learning Objectives What is a LLM (Large Language Model)?

How LLMs work

What LLMs CAN’T DO

What is AI Hallucination? 

How AIs can help Metrology

Can we trust AIs?



AI Can Write All of My Automated Procedures

AI Prompt: - Google Gemini
Write me a Fluke MET/CAL procedure to calibrate an 
HP 34401A with a Fluke 5730A

; --- DC Voltage Calibration --- 
USER, "Begin DC Voltage Calibration." 
CONN, DCV ; Instructs for standard DCV connection (HI to HI, LO to LO) 
; 100 mV Range 
APPLY, 0.00000, 
VDC, 100MV ; Zero point 
READ, VDC, 100MV 
NOM, 0.00000 
TOL, 0.00005, VDC ; Example tolerance (50 uV) 
TEST



AI Can Write All of My Automated Procedures

AI Prompt: - Chat GPT
Write me a Fluke MET/CAL procedure to calibrate an 
HP 34401A with a Fluke 5730A

; ====================
; DC VOLTAGE TEST
; ====================
SECTION "DC Voltage"
FSC 100 ; DC Voltage

TEST "100 mV" "DCV 100mV"
    OUT 1.000E-01 U DCV
    MSL U 1.000E-01
    LIM 9.99E-02 1.001E-01



What?
Why didn’t this work?

LLMs just predict the 
next word based on 
the text & patterns it 
was trained on.

Training on Vast Text Data: LLMs are trained on 
enormous datasets of text, learning patterns, 
grammar, and context from billions of words.

Tokenization: Input text is broken down into 
smaller units called "tokens" (which can be words, 
parts of words, or characters).

Probabilistic Prediction: Based on the patterns 
learned during training, the LLM calculates the 
probability of various tokens appearing next in a 
sequence given the preceding tokens.

Generating Coherent Text: By repeatedly predicting 
the most probable next token, LLMs can generate 
long, coherent, and contextually relevant sequences 
of text.



AI Hallucinations 

What it is: The AI "makes things up" or "invents" information. This can range from 
subtly incorrect details to completely fabricated facts, stories, or even non-existent 
sources.
Why it happens:

● Insufficient or biased training data: If the AI's training data is incomplete, 
flawed, or contains biases, the model may learn incorrect patterns and fill in 
gaps with fabricated information.

● Model complexity and overfitting: Overly complex models can sometimes 
"memorize" the training data too well (overfitting) and struggle to generalize to 
new, unseen information, leading to inaccurate predictions.

● Probabilistic nature: Large language models (LLMs) work by predicting the 
most statistically probable next word or sequence based on the patterns 
they've learned. They don't "understand" truth or reality in a human sense, so 
sometimes the most probable next word leads to a factual inaccuracy.

● Misinterpreting context or user intent: The AI might struggle to understand 
the nuances of a user's prompt or the broader context, leading to irrelevant or 
incorrect responses.



Prompt:
Write a VB.NET object 
that converts mV DC 
to Thermocouple 
temperature values in 
deg C and deg F

Public Class ThermocoupleConverter

Public Sub New(tcType As ThermocoupleType)
        _tcType = tcType
    End Sub

Public Function ConvertToTemperature(........)
        Dim compensatedMv As Double
        Dim tempC As Double
        Dim tempF As Double

         tempF = (tempC * 9 / 5) + 32

       ' Example of how a real NIST polynomial:
         Return (c0 + c1 * tempC + c2 * tempC^2 + ...)

         tempF = (tempC * 9 / 5) + 32



What?
Why did this work?

Learned on well 
documented example 
procedures already 
written by a person

Examples

      Examples 

             Examples 

                    Examples 

                            And More Examples

More importantly, examples with comments giving 
the AI context 

 



Code With Comments Created by AI

' --- Step 1: Perform Cold Junction Compensation (CJC) ---
        ' The cold junction compensation accounts for the voltage generated by the cold junction.
        ' We convert the cold junction temperature to its equivalent millivolt output
        ' for the chosen thermocouple type, and then add this to the measured millivolt.
        Dim coldJunctionMv As Double = GetMvFromTemperature(coldJunctionTempC, _tcType)

        ' Add the cold junction mV to the measured mV to get the true thermocouple mV
        ' relative to a 0°C reference.
        compensatedMv = measuredMvDc + coldJunctionMv

        ' --- Step 2: Convert Compensated mV to Temperature (Celsius) ---
        ' This is the core conversion from millivolts (referenced to 0°C) to temperature.
        ' The logic here is a simplified placeholder.
         Select Case _tcType
            Case ThermocoupleType.TypeK
                ' Simplified linear approximation for Type K.
                ' Actual Type K has multiple polynomial segments for different ranges.
                If compensatedMv >= 0 Then
                    ' Rough approximation: ~24.5 °C/mV for positive mV
                    tempC = compensatedMv * 24.5
                Else



Written Procedure & Commented Code

 

  4.008  HEAD         DC VOLTAGE: {100 mV Range}
  4.009  TARGET
  4.010  IEEE         CONF:VOLT:DC 100mV,0.0001mV
  4.011  5700         100.0000mV                                        S  2W
  4.012  IEEE         READ?[I]
  4.013  MATH         MEM = MEM / 1e-3
  4.014  MEME
  4.015  MEMC   100   mV             .005% .0035/

 

Lack of comments in the code
Numbers don’t match



Conclusion:

Training procedures 
need comments

Prompt engineering 
can’t compensate for 
poorly commented 
code



Bridging the AI Technology Gap

Metrology Based
Software Model

Getting from human readable documents to running code required a well 
defined Metrology Based Software Model



Problem #1

Metrology based
Software Model

AIs (LLMs) read from left to right.  They usually strip formatting when data 
is converted to vectors and stored in a vector database.

Input (Front) Function Quick Check 34401A Range Error From 
Nominal 24 hour, 90 day, 1 year
100 mV DC Volts 100 mV ± 6 μV ± 7.5 μV ± 8.5 μV
1 V 1V ± 26 μV ± 37 μV ± 47 μV



Problem #2

Metrology based
Software Model

AIs (LLMs) are not good calculators, nor are they good at logic.

Accuracy Specification ± (% of reading + % of range) [1]
??? + Temperature Coefficient or Not



Problem #2

Metrology based
Software Model

AI’s (LLMs) are not good calculators, nor are they good at logic

Accuracy Specification ± (ppm output[1] + μV)
??? + Relative ± 1 °C ??(180 Days, 1 Year)
??? what confidence level



Conclusion:

PDF data is not well 
formatted for AI LLMs

My prompt didn’t 
specify the calibration 
temperature or the 
confidence level. 



What is 
    Model Driven
    Software Engineering?

   Metrology Driven
    Software Engineering?

● It’s a method for describing 
requirements in detail

● It’s generic descriptions allowing for 
flexible implementation 

● It’s not tied to any specific language, 
reference standard, or measurement 
technique

● It’s a metrology based version of 
Model Driven Engineering



What is a model based
language?

It defines the requirements, 
not the implementation

Music defines the notes, 
  not the instrument  



Metrology Taxonomy
https://www.metrology.net/home/metrology-taxonomy/

          https://github.com/NCSLI-MII/measurand-taxonomy
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Metrology Taxonomy
https://www.metrology.net/home/metrology-taxonomy/

          https://github.com/NCSLI-MII/measurand-taxonomy

root

Source

Measure

Current

Voltage

Current

Voltage

AC

DC

Sine

DC

Sine

DC

Sine

DC

https://www.metrology.net/home/metrology-taxonomy/
https://github.com/NCSLI-MII/measurand-taxonomy


AI Ready Metrology Based Data Model

Unit Under Test

Equip Spec Taxon

Reference Standard

Meas Unc Taxon

Calibration 
Automation
Test Point



AI Ready Metrology Based Data Model

Unit Under Test

Equip Spec Taxon

Reference Standard

Meas Unc Taxon

Calibration 
Automation
Test Point

Most likely this AI 
will NOT be an LLM



Where can we use AIs?

LLMs are good at:
● Summarizing text
● Searching for an email 
● Finding text in an image



AI Ready Metrology Based Data Model

Unit Under Test
Equipment Spec

AI can help reformat data quickly
and review data for errors 



Model Driven Software Engineering
Metrology Taxonomy 



Customer can select the right / best 
equipment for their needs. 

Customers can find a calibration lab.

Specs can be used to simplify SoA 
uncertainties. 

DCR to define exact Cal Requirements!

Calibration data can be used to update 
instrument specs.

Model Driven Software Engineering
Metrology Taxonomy 



AI Can Write All of My Automated Procedures

AI Prompt:
Write me a Fluke MET/CAL procedure to 
calibrate an HP 34401A with a Fluke 5730A

When this works
I don’t need the MET/CAL procedure. 

I don’t need the thing in the middle.
I need the results of the tested 34401A.



AI With Database Queries

ORM (Object Relationship Model) 
Well defined representation of 
data storage in any database



Questions

Michael L. Schwartz

Cal Lab Solutions

mschwartz@callabsolutions.com



Model Driven Software
   Engineering
ORM Object Relationship Model

CRUD Create, Read, Update, Delete

SQL Structured  Query Language

ORM with Database Access


