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Classical Phenotyping

Human Observation Qualitative Estimates



Machine Observation Quantitative Counts



Breeding Pipeline Integration

Data 
Collection

Cloud 
Analysis

Analytical System 
of Choice



Don Roverto – Initial Target Technology

WEAKNESSES
Very expensive
Specialized maintenance
Not scalable
Transition technology

STRENGTHS
High resolution

Multiple cameras
Accurate 3D models

Wheat, maize, beans

• 
• 
• 
•



Mobile Phone Deployment
Target was always mobile phones

WEAKNESSES
Variable handset specs
May be challenging for

throughput efficiency

STRENGTHS
Ubiquitous
Affordable

Scalable

• 
• 
• 



Accuracy of Computer vs Human Vision







Solving human error with Computer Vision



Accuracy AND Efficiency 

Meet Bruno 



Trait Group Digital Method SOP

Handheld Capture Only 

Time Taken Per Plot 

(person-time)

Bruno Capture Only 

Time Taken Per Plot 

(person-time) Visual Methods

Visual Traits 

Time Taken Per 

Plot (person-

minutes)

Reducti

on

Difference 

(time)

% 

Differe

nce

Plant Stand

Panorama 2m 30 s

Plant Stand Count

2 Yes - 1m30s -75.0

Multiple Plant Ruler 3m 40 s 2 Yes - 1m20s -66.5

Flowering

Close Up Single Plant 4m 42s 54 s

Days to 50% Flowering

1 Yes - 6s -9.0

Close Up Multiple Plant 29 s 1 Yes - 31s -53.0

Under Canopy Multiple 

Plant 5m 12s 35s 1 Yes -25s -42.0

Podding

Under Canopy Multiple 

Plant 5m 12s 35s

Number of Pods per Plant at 

Harvest (5 plants) 1 min and 5 sec Yes -30s -46.3

Under Canopy Multiple 

Plant 5m 12s 35s

Number of Pods per Plant at 

Harvest (10 plants) 2 min and 20 sec Yes - 1min5s -75.0

….+/- 1 hour to 
image 10 plots….

Bruno images a plot (4x5m) <30 sec 



CV model identifies 

objects in images very 

accurately

…or not so 

accurately

Choosing the right computer vision task for each trait is critical to getting the best model performance.



COMMON BEANS r2 0.94 from ~100 images SORGHUM r2 0.85 from ~500 images

Stand Counts- beans is easier….



COMMON BEANS r2 0.84 from ~500 images COWPEAS r2 0.83 from ~600 images

Pod Counts- is harder for CV (and humans) 
than stand count
But CV is good at distinguishing pods 
from other things



Few 100 images is 
good enough 
nowadays



Trait Extraction Long Name In Plot

Bruno Plant Stand Panorama Arusha B-PS-P-A

Handheld Plant Stand Panorama and Multiple 

Plant Ruler Colombia H-PS-P-MPR-C

Bruno Plant Stand  Multiple Plant Ruler Arusha B-PS-MPR-A

Handheld Plant Stand WholePlot On-farm H-PS-WP-O

Bruno Days to 50% Flowering Arusha B-DF-A

Handheld Days to 50% Flowering Arusha H-DF-A

Bruno Average Number of Open Flowers per 

plant Arusha B-OFPP-A

Handheld Average Number of Open Flowers 

per plant Arusha H-OFPP-A

Handheld Number of Open Flowers per image 

Arusha H-OFPI-A

Bruno Average Number of Pods per Plant 

Arusha B-PPP-A

Handheld Average Number of Pods per Plant 

Arusha H-PPP-A

Handheld Average Number of Pods per Image 

Arusha H-PPI-A

Different models to see how images level counts are 
translated to plot level values for breeders



Heritability phenotypic variation thats due to genetics and not random error goes up 

Plant Stand

Average Number of Open Flowers per 

Plant Average Number of Pods per Plant

Metric Bruno Ground Truth Bruno Handheld Ground Truth Bruno Handheld Ground Truth

H2 Standard 0.88 0.90 0.96 0.71 0.97 0.85 0.34 0.46

Genetic variance component 824.88 105.55 0.99 2.57 1.65 13.85 1.05 4.24

Error variance component 343.45 35.67 0.13 3.08 0.15 7.09 6.04 14.65



Basic Linear Unbiased Predictions (BLUPs) CV models 
track well with ground thuth

Genotype

Plant Stand

Average Number of Open Flowers 

per Plant Average Number of Pods per Plant

Bruno Ground Truth Bruno Handheld Ground Truth Bruno Handheld Ground Truth

Jesca 7.123 -0.300 0.985 1.436 1.066 3.821 0.627 1.597

Lyamungo 90 22.636 9.886 -0.018 -0.177 0.334 -0.971 -0.059 -1.038

Selian 13 -29.759 -9.587 -0.967 -1.258 -1.400 -2.850 -0.568 -0.559



BLUP Correlations for Different Collection Methods 
is high→ usable data for breeding decisions

Trait Values Correlation 

Plant Stand Bruno vs Ground Truth 0.967

Open Flowers per Plant Bruno vs Handheld 0.995

Open Flowers per Plant Bruno vs Ground Truth 0.970

Open Flowers per Plant Handheld vs Ground Truth 0.941

Pods per Plant Bruno vs Handheld 0.987

Pods per Plant Bruno vs Ground Truth 0.901

Pods per Plant Handheld vs Ground Truth 0.820



Translating this into Artemis Value Proposition: Efficiency

Case of AYT on 6 sites throughout Nigeria 

- More efficient:  scientist saves 54% of time, data collectors save 39%
- Cost savings: 50% on phenotyping , 17% on one season AYT trial (140,000 

to 110 000 USD/AYT)

- Allows +1 trial location 

And +1 replication! 
Data from: Uni Queensland / CGIAR



Impact: by increasing genetic gain
from one breeding cycle, and 

decreasing the time between initial 
cross until the variety is adopted, 

digital phenotyping using the 
Artemis tool increases the net 

present value (NPV) of the breeding 
cycle, through higher yield gains and 

reduced discounting as gains are 
incurred sooner 

Higher yield on farm from one 
breeding cycle using
Artemis vs manual

Higher value per acre of land 
where new variety is adopted 

(compared to variety developed 
with manual phenotyping)

Reduce error 
variance term in 
phenotyping data

IMPROVING
ACCURACY

IMPROVING
EFFICIENCY

Higher inter-rater reliability and 
correlation with ground truth.

Cheaper and faster phenotyping 
per plot.

Shorten breeding 
cycle

Reduce percentage 
of repeat trials due 
to poor data quality

Improved varieties in 
farmer field, and 

earlier

More replications 
per trial

More environments

Increase Heritability 
via reduced 

environmental 
variance

Increase genetic gain 
(eg for podcount)

Increase correlation 
between heritability 

on farm and on 
station

Increase correlated 
response to selection 
(i.e. genetic gain on 

farm)+1

+1

-50%

x2

x2

-20%

-1yr

+5%

Cowpea example: 
5% yield gain -> 

~840,000USD per 
year in value added 
from one breeding 

cycle



2: Testing/
Optimization

0.5 kmCorrelation between h2 on-station 
and on-farm: 0.07 -0.40

Moving from station to on-farm





Note: we have not processed all 
the data from post-harvest, so 
these traits (eg marketability, 
grain size, etc) are under-
represented in the figure and 
throughout the following 
analysis





Participants identified 14 
traits



(New) traits that matter to farmers (in green)



Farmers' Insights 

and 

Preferences

Enable On-Farm Breeding

Breeding Decisions

Conversational 

Data

Multi-Modal 

Analysis

Artemis FM

On-Farm and On-

Station imagery



Scaling









Designed for scale 

$100M/y in breeding

∑ $1b : 500m smallholder farmers > >

under-resourced

Efficient

Accessible

Easy & Practical

Compatible

Fundable

54% 17%



Product MLOps FieldOps PM

Scaling and Market Research

Diverse Team



ARTEMIS

TATU Tech Stack

Products

Talented, diverse multidisciplinary team, based in Arusha, 
building tech to enable breeding better crops in  a changing 
climate.

The base for building powerful products, featuring the AI-
models, SOPs and HCD. 

The Artemis flywheel

Leveraging our Tech Stacks to develop and deploy practical, 
useful and scalable products into the field. ONA in beta.

Use-cases
Initial focus has been on phenotyping beans, cowpeas and 
sorghum for on-station breeding.



ARTEMIS Project → Entity

TATU STACK Phenotyping App → ARTEMIS FM

PRODUCTS Computer Vision → Multimodal (SIKIA, ONGEA)

PROBLEM SPACE Breeding → Agronomy

TRIALS On-station → On-farm

The next big thing… 



Maize
Wheat
Rice
Beans
Cowpeas

Potatoes
Sweet potatoes
Lentil
Chickpea
Sorghum

Millet
Pigeon peas
Groundnut
Banana
Cassava



Thanks!

In collaboration with
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