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Presentation Notes
Thanks to Applied Animal Behavior SIG
Talks by Stewart Hilliard, Simon Gadbois, and Nathan Hall, 
Intro: me, APOPO, what we do
Some nuts & bolts of applied scent detection
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Learning Objectives ’h..oapopo

e Describe three factors that influence scent availability
e Design a basic scent-detection training protocol
e Conduct an evaluation of a scent-detection animal

e Describe three challenges associated with scent detection
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Disclaimer: 
Will cover general principles/information relevant to many scent detection tasks
But they might not be relevant to all types of scent detection work
And there are other important considerations that will not be covered because of limited time


Scent Detection Behavioral Analysis h‘apopo
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Seems simple from a behavioral perspective <<slide>>
But scent detection is tricky
We start with a breakdown of the three-term contingency
Then talk about training and evaluation methods and some important considerations
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Scent Detection Antecedent )h,.-apopo
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Airborne molecules

Vapor pressure: a measure related to the tendency for particles to escape from a liquid or solid
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Scent Detection Antecedent x‘apopo

Warning: volatile compounds are difficult to control!
Major issues in scent detection research and operations:

e Cross-contamination — positive sample material
contaminating negative sample material

e Handling samples differently can result in introduction of
other compounds/cues

e The distribution of volatiles is influenced by environmental
factors

e Usually, we cannot detect the presence of the compound
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Contamination of equipment can result in the target odor being present in the background
Handling: example, one person preparing positive and one preparing negative samples
Environmental factors: atmospheric pressure, landscape, precipitation, solar radiation
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Scent Detection Behavior w’.‘;apopo

Species considerations:

Detection threshold (minimum detectable concentration)
 Behavioral outcome measure, not just a sensor count
e Compound-specific

Other considerations
 Animal care: cost-effectiveness
« Ease of handling
« Trainability: operant conditioning
acquisition rates
o Suitability for specific task:

response



Presenter
Presentation Notes
Olfactory perception is very complex, biological analysis is insufficient
Olfactory system is better prepared for some compounds than others, dependent on the evolutionary history of the species
For many s.d. tasks, determining the threshold is not necessary, concentration is sufficient to enable high performance (e.g., dogs can detect methyl benzoate at concentrations of 1 part per million)

For example, the US DOD is funding research to train elephants to detect landmines, which doesn’t seem like the wisest investment for this and other reasons.




Scent Detection

Characteristics of a good indication
response:

« Within the animal’s repertoire or readily
shaped

« Easily identifiable and, ideally, with potential
for automated recording

 Response effort too low: high false indication
rate

 Response effort too high: high miss rate

 Time-based indications can be adjusted to
optimize performance
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Targeting the indication for training
Examples: sitting, scratching, “pointing” (holding specified posture), activating switch, breaking beam



= :
Scent Detection Consequence Egapopo

Reinforcer:
e “Marker”: conditioned reinforcer/SP
 Relevant establishing operation
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Potential reinforcers: food/water, play, etc.

Punisher: perhaps timeout (sometimes in discrimination training), mild rebuke when dog made a false indication – but no evidence that it served as a punisher
- Rather than punishment, you can increase response effort to reduce the likelihood of false indications


Scent Detectlon Basic Training N.-apopo
A basic training progression:

Early

Intermediate

Advanced
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Simple, forced-choice discrimination trials
Gradually adding complexity (additional negatives)

Prevalence of positive samples in advanced training should approximate the targeted operational scenario


Scent Detection Training w’.‘;apopo

Discrete Trial:

1. Detector is presented with discrete units for evaluation

2. Only those indications that occur in the presence of target
stimulus are reinforced
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Examples: rats in an olfactometer, dogs around a carousel, also customs applications (even the dog in the airport)
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Scent Detection Training N;apopo

Free Search:
1. Detector can emit indication at any time
2. Only those indications that occur in the presence of (within

X cm of) target are reinforced
3. Searching is reinforced by onset of SP
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Early training is often discrete trial training with a transition to free search
Examples: mine detection rats, search and rescue and cadaver dogs
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Scent Detection Evaluation w‘.‘;apopo

Blind probe:
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Positive sample inserted into the array, with trainer/observer blind to sample status
Performance with the blind probe can be used to evaluate performance
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Scent Detection Complex Targets w’.‘gapopo

Most targets are complex: “bouquets”



Presenter
Presentation Notes
Examples: samples for disease detection, corrosion, landmines, small arms, humans


Scent Detection Complex Targets x..apopo

Concept formation

 Herrnstein & Loveland, 1964

« [nstances of the SP are not identical

o Large set of exemplars required before
generalization occurs (multiple exemplar training)

Herrnstein, Loveland, & Cable (1976)
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Herrnstein used between 1600 and 1800 examplars for trees, water, person
Number of unique samples required for scent detection training will depend on a number of factors: amount of variability, salience, substrate (background scent)
But it is often difficult to find a huge number of samples for training/evaluation
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Scent Detection Evaluation Ngapopo

Generalization/blind tests:

|
A Add novel
/ | | |examplars to
Test for training set
| | |generalization “— and continue
Train with to novel training

limited — exemplars
examplars
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Particularly useful when samples are hard to come by
Continue this process until you have reached predetermined criteria or performance with novel samples is no longer improving
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Scent Detection Requirements N;apopo

Confirmed positive samples
 Never reward indication of negative sample
« Challenging with disease detection
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If no consequences are programmed for indication of negative samples, then knowing true status of “negative” samples is less important


Scent Detection Requirements ﬁﬁ};apopo

Comparable negative samples
e Otherwise, behavior can come under the control
of other stimuli
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If negative samples come from a different population (age, smoking status, general health, etc.), you might easily train the animal to detect one of those differences instead


Scent Detection Requirements ﬁﬁ};apopo

Large number of sample sources
« Many samples from the same “mother sample”
doesn’t count



Presenter
Presentation Notes
How large is defined by how your generalization testing goes
Many samples from same source is like different copies of the same photo in the Herrnstein concept formation study
Example: illicit wildlife trade – challenge is getting a variety of training samples – one rhino horn won’t work.



Scent Detection Requirements ..-apopo

Intermittent reinforcement

 Resistance to extinction

 Evaluation of blind and otherwise unknown
samples
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Intermittent reward improves resistance to extinction and prepares the animal for evaluation and operations


Scent Detection Requirements ..-apopo

Blind evaluation
e Trainer not mformed of sample Iocatlon/status
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Cuing is always a concern – ideally, indication is automatically detected


Scent Detection Requirements ..-apopo

Confirmed positive and negative samples for
evaluation

Condition
(as determined by "Gold standard")

Condition Positive | Condition Negative

Test Ealse Positi Positive predictive value =
alse Positive .
Outcome True Positive 2 True Positive
» (Type | error) —
Test Positive 2 Test Outcome Positive
Outcome Test e Negative predictive value =
alse Negative
Outcome J True Negative 2 True Negative
i (Type |l error) -
Negative 2 Test Outcome Negative
Sensitivity = Specificity =
2 True Positive 2 True Negative

2 Condition Positive | Z Condition Negative
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To get a clear picture of how the animal is performing (sensitivity – percentage of positive samples correctly indicated; specificity – percentage of negative samples correctly ignored)
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Scent Detection Requirements ~;apopo

SOP and QA
e Critical to stability/reliability
e Critical for sample preparation and handling
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Some of the main challenges
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Scent Detection Going Operational x‘apopo

Market research:

 What is the current solution, if any, and why is
your scent detection product superior?

 What does it take to get integrated into the existing
framework?

Industry expertise:

 Develop deep understanding of the relevant
technology and processes

e Establish yourself as an industry expert
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For example, medical scent detection is very promising
But difficult to obtain the number and type of samples necessary to conduct training 
Even more difficult to become integrated into existing operational diagnostic algorithm



Scent Detection Examples

— dpopo
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- Landmine detection


Scent Detection Examples
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- Tuberculosis detection


Scent Detection Examples
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- Bedbugs


Scent Detection
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Gas and oil leaks, pipeline corrosion, electrical line corrosion
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- Clostridium difficile in a clinical setting
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Cancer detection: breast, lung, ovarian, colon
Samples: urine, breath, etc. (non-intrusive compared with biopsy)
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Hunting for truffles
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