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Introduction to QED.ai
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Meet the Team

WHY WHO HOW

Building data systems and Al to ~25 software engineers and data e forte: technologies for
empower other organizations scientists challenging environments
pursuing the health and + analysts and domain experts in e since 2012, has supported
agricultural SDGs (2,3,6,15) health and agronomy projects in 13 countries

Mateusz Leah Goeke, MPH Dr. Jiehua Chen { f + Dr.William Wu
Urbanczyk M. Epidemiologist Chief Statistician Chief Executive
Software and Co-Founder and Co-Founder
Architect M.PH. Epi (Pitt)

B.A. Elo-;-IAnthro ‘ Ph.D. Stat (Stanford) p Ph.D. EE (Stanford)
M.S. Comp. Sci, el , \ M.S.Econ (Stanford) o e M.S. Math (Stanford)
Univ. of Wroctaw Ex-CDC, RPCV Zambia B.S. Math+Phys. B.S. EECS (Berkeley)
B.S. Comp. Sci, (Tsinghua) Ex-NASA JPL

Univ. of Wroctaw Ex-Columbia Univ.



https://sdgs.un.org/goals

Motivations for Working in
Agricultural Development:

Smallholder Farmers in Africa

L4 -
il
R

LARGE
HOLDER

MEDIUM HOLDER

SMALL HOLDER

Count: 2.5 Billion e PlotSize: <2ha
Gender: 75%female e Income: $1-2/day

SHFs generate 30-34% of all the world’s food
SHFs generate 80% of food in third world countries
1B hectares of African arable land is uncultivated

Health is directly affected by food security and agribusiness




Technologies To Overcome Data Scarcity Cmd

Zoom Level:

Longitude: Latitude:
32601929 2851148 9

' Mmobile data
land cover mapping for collection and

digital soil mapping sustainable development visualization



https://www.youtube.com/watch?v=Fb9R0CnPMkc
https://qed.ai/maps
https://qed.ai/maps
https://qed.ai/maps
https://qed.ai/speed
https://qed.ai/speed
https://qed.ai/speed
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Technologies To Overcome Data Scarcity

s W v T Wi, 2

Wt datas weatatie e S

= T ey
(A ILMATTITSN W S ey
Date SRR e =
\1&4}{&&@
OO

ScanForm: write on paper and diqgitize
the data with a smartphone!

plant health surveillance proximal sensors (carbon, NIR)

6
O


https://scanform.qed.ai
https://scanform.qed.ai
https://qed.ai/scanspectrum
https://qed.ai/geosurvey-collect
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Objectives in Cambodia
(2020 Engagement with ADB)



Objectives

e Mapping Rice Paddies in KH'

Oddar Meanchey
Banteay ™
Meanchey
Fag

cecd
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o Remotely generate polygonal

boundaries for rice paddies in nine

selected areas (~16,000 ha, spanning

~16,000 farming families)
region # 1 2 3 4 5 6 7 8 9
name Prey Anglong Ta Mao Chhuk Ta Soong Chamkar Ansong Rumlech Anlong

Sangha Run Ksach Kouy Char
district Bavel Thma Koul Thma Koul Baray Baray Svay Antor Kampong Sithor Preah Sdach
Trabaek Kandal
province Battambang | Battambang | Battambang | Kampong Kampong Prey Veng Prey Veng Prey Veng Prey Veng
Thom Thom

area (ha) 1150 1435 1038 1650 2070 2100 1510 2380 3000 3



https://en.wikipedia.org/wiki/Bavel_District
https://en.wikipedia.org/wiki/Thma_Koul_District
https://en.wikipedia.org/wiki/Thma_Koul_District
https://en.wikipedia.org/wiki/Baray_District
https://en.wikipedia.org/wiki/Baray_District
https://en.wikipedia.org/wiki/Svay_Antor_District
https://en.wikipedia.org/wiki/Kampong_Trabaek_District
https://en.wikipedia.org/wiki/Kampong_Trabaek_District
https://en.wikipedia.org/wiki/Sithor_Kandal_District
https://en.wikipedia.org/wiki/Sithor_Kandal_District
https://en.wikipedia.org/wiki/Preah_Sdach_District
https://en.wikipedia.org/wiki/Battambang_Province
https://en.wikipedia.org/wiki/Battambang_Province
https://en.wikipedia.org/wiki/Battambang_Province
https://en.wikipedia.org/wiki/Kampong_Thom_Province
https://en.wikipedia.org/wiki/Kampong_Thom_Province
https://en.wikipedia.org/wiki/Kampong_Thom_Province
https://en.wikipedia.org/wiki/Kampong_Thom_Province
https://en.wikipedia.org/wiki/Prey_Veng_Province
https://en.wikipedia.org/wiki/Prey_Veng_Province
https://en.wikipedia.org/wiki/Prey_Veng_Province
https://en.wikipedia.org/wiki/Prey_Veng_Province

[ ) [ ) CIEd
Motivations Al

e Yield Prediction
e Crop Type Mapping
e Land Registration and Titling

e Investment Planning

Plot boundaries have many different use cases, both for agricultural
research and for agribusiness strategy. They are in high demand.
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Methods: Overview



Overview of Methodology Cﬁ:j

e Surveying
e Modeling
e Inference
e Map Deployment

Model Refinement

Label Satellite Imagery |l‘ Model Training I l ST Il' Map Deployment
{ with Geosurvey ML Eenaion Wi s and Statistics

1
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Methods: Geosurvey



@ geasurvey Dashboard Admin About How It Works Feedback Log Out
s QS‘« ’ ﬁf} } i 3\ 2L ’ A p, B LA Is the Google Hybrid image CIE
i D W &y / in i’ o dwr sy i i W . X, " clear enough? THT
o NG ) By P Q / Yes No
b ) il

Outline each of the
cropland areas that are
only inside the box.

Left: Screenshot from

Grid Geosurvey, in Oyo State,
1o NE— NG. A surveyor has

) Show markefs

Markersinarow:[4 | hlghllghted the
Answers submitted by Croplands in orange.

Longitude: 2 Ve o ] rborcelo
4341322 . / 7 1 month, 3 weeks ago

Latitude: ) 2
8.067080 g B e agﬁ{j
¢ 1 : D 2 L P < y M

Zoom Level: | - . : ’ y 0
17 " ; = F 78 : ¥ Goog nﬂ'l
Country: ? z h 2 { . . I AL Bin |

)]

£5 ™. . ' , { BRI G

Geosurvey

W,

640m

side length of box: T’
g e 4
{ B

e Scalably annotate imagery (satellites/drones/phones)
e Rapidly train artificial intelligence

13



w geosurvey Dashboard Forum Admin How It Works Public Data Feedback Log Out

In the box:

¢ : :3.354536, 36.933811
i Are croplands present?
v ;
Py Yes No
.‘ *
Arek.xouscs present?
Yes No
ulll p
Hil 0 Are forests present?
| Yes No
5 ;
! .
\ i & "N
'
-
Y A i . ‘
Longitude: W " . } ]
36.933830 - ; Grid
L;tltu?e:- bk & s i Color: Orange $
Zoi::.izel s 3 Show markers
18 g,’ - Markers in a row: 2
Country: . . >3
Side length of box:

250m
- 0 dta ©00 48 S




geosurvey

ged.ai

Longitude:
102.966024
Latitude:
13.305199
Zoom Level:

16
Country:

Side length of box:
640m

¢l ox

Leaflet | Bing, © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS

Menu =

Outline each rice field
separately. If the field is
intersecting with blue
rectangle outline also its
parts outside of rectangle.

cecd
ll

Update

Grid

Color:|Blue v

(J Show markers

Markers in a row:

74 &}
Discuss



geosurvey

qed.ai

«

Longitude:
103.019764
Latitude:
13.170224

Zoom Level:

16

Country:

Side length of box:

640m
icrosoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS

geosurvey

ged.ai

Longitude:
103.013581
Latitude:
13.146582
Zoom Level:
17

Country:

Side length of box:
640m

Dashboard Admin About How It Works

[ oooom

Leaflet | Bing, © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS



TR qed

Home | Past Surveys / Cambodia Southern Plots — Samples II ||| I

Cambodia Southern Plots
Edit Samples Resul Discussions Diagnoses

Username contains: Latitude greater or equal to: Latitude less than or equal to: Longitude greater than or equal to: Longitude less than or equal to: Created after or on
Select Date.. x

Created before or on

Select Date..

Order by

Uploaded at descending

Uploaded at: 2020-11-24
14:14:51

Position:
10.965564, 105.354699

1 submission

#18366584

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.114849

1 submission

#18355900

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.091303

1 submission

#183558596

Uploaded at: 2020-11-24
14:14:51

Position:
10.965181, 105.366233

1 submission

#18366583

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.108963

1 submission

#18355899

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.085416

1 submission

#18355895

Sz fige

Submission count greater than or equal to: Submission count less than or equal to -
Filter

Uploaded at: 2020-11-24
14:14:51

Position:
11.770394, 105.385198

1 submission

#18366582

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.120736

1 submission

#18355901

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.103076

1 submission

#18355898

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.097189

1 submission

#18355897

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.079530

1 submission

#18355894

Uploaded at: 2020-11-03
09:12:15

Position:
12.402560, 105.073643

1 submission

#18355893

17



ecl
¢ Why not just map all rice in KH manually like this? Ci:m:

e Reason:
o ~3M hectares of rice in KH

o Approximate time to trace all rice paddies:
23.1 years on a 40 hr work week (over ~160K USD)

o Once humans are done, the map is outdated!

Artificial intelligence can make this effort
more scalable and sustainable!

18
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Methods: Artificial Intelligence



Al Pipeline

Data Collection &
Preprocessing

ce=c

QUANTITATIVE ENGINEERING DESIGN

-

S

Architecture Design

<
Model Training & Performance Inference the result
A Optimization Validation
Repeat until the validation score is satisfactory
Input Image Desired Output

200 ki

a0

kL

20



Evolution of some ideas in computer vision CIEd I:I":

QUANTITATIVE ENGINEERING DESIGN

Semantic Segmentation

R

Object Detection Instance Segmentation

21



e c1=c

QUANTITATIVE ENGINEERING DESIGN

ir:mna%lg > > alalel output
- segmentation
map

l
4

"I". I*I"I =» conv 3x3, ReLU

¥ ' = copy and crop
E-E-E T § max pool 2x2
\ 4 4 up-conv 2x2

- - S =» conv 1x1 22



Mask R-CNN e I

QUANTITATIVE ENGINEERING DESIGN

Meta-learner
predictor head

Faster/ Mask RPN / P - clas;, bb& -:
R-CNN: — 7
/ '

conv

conv

: |
Backbone Align 4 B

23



“1=C il

QUANTITATIVE ENGINEERING DESIGN

apply state-of-the-art from
other fields (surveillance,
sports, military) to Ag Dev

RolAlign

Y

buiiding 1 000

~TRICK 0:940 = s
s | W0 jo - A= Sy ' truckﬁ.L

4

building 0.958

philding 1.000

24



Preliminary Performance for A.l.

ce=c

QUANTITATIVE ENGINEERING DESIGN

Map Res |Accuracy |Precision Recall | F1-Score loU mAP
QED Rice 0.3m | 83.8% 96.7% 80.3% | 87.8% 78.2% 64.5%
Boundaries, KH
cheatsheet for nerds: Actual .
Positive Negative 1ou = tp/(tp+1in+1p)

- Positive | True Positive | False Positive r

2

::: Negative | False Negative | True Negative . J

Area of Union

acc = (tp+tn)/(tp+tn+fp + {n)

prec = tp/(tp+1p)

recall = tp/(tp+1fn)

f1 = 2 X prec X recall / (prec + recall) mAP = over-complicated!

iou = tp/(tp + fn + fp) ... seeing is believing ... 25









MM
Visuals (satellite on left, Al on right) qed |||"|
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Methods: Map Visualization



Mapviz

_) None

(O Stamen TonerLite
@ Bing

O Google Hybrid
O Google Satellite

Plot Boundaries for RICESDP zones in Cambodia, A.l.-generated (2021)
Plot Boundaries for RICESDP-zones in Cambodia (2020)

Comparison of Cambodia Rice

Paddy Boundaries

Delineation of rice paddies in selected regions of
Cambodia, generated by QED.ai. Human-traced and
Al-based (fully-automated) plot boundaries are
overlaid; A.l. F1-score is 87.8%. Sponsor: Asian
Development Bank (ADB) less

&Download layer .
@ Cambodia & QED.ai Eal 0.3 O QED.ai ’ T
€ 1212589, 104.09555 Q8o Copy Link v Map: https://maps.ged.ai/map/qged_plot_boundaries _cambodia_composite

N ~ Leaflet | © 2021 Microsoft Corporation, Earthstar Geographics SIO



https://maps.qed.ai/map/qed_plot_boundaries_cambodia_composite

m maps About Maps Termsofuse Privacypolicy My Profile Logout ged.ai
e ced

+ O Mapviz
O None
a )
O stamen TonerLite
= ' ® Bing

@) Google Hybrid
O Google Satellite

() Plot Boundaries for RICESDP zones in Cambodia, A.l.-generated (2021)
Plot Boundaries for RICESDP-zones in Cambodia (2020)

ground truth

Map: https://maps.ged.ai/map/qed_plot_boundaries_cambodia_composite

Leaflet | © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS


https://maps.qed.ai/map/qed_plot_boundaries_cambodia_composite

ed

O Mapviz x II | | | I
O i

() None

(O Stamen TonerLite

® Bing

gk : S .
e ‘WA:: :::—“"“" .F O Google Hybrid
& b ey ‘g}\ O Google Satellite
«\, . - . Plot Boundaries for RICESDP zones in Cambodia, A.l.-generated (2021)
: Plot Boundaries for RICESDP-zones in Cambodia (2020)
e
5‘ g . ) l. @ ¥ 7
:‘! : -
.
..>l| . e
-.El__ s g
e a5 -
 &Download layer
OCambodial A 0EDAS o3 : i
3087, 10550798 Q 50 : - i ! Map: https://maps.qged.ai/map/ged_plot_boundaries_cambodia_composite

Leaflet | © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS


https://maps.qed.ai/map/qed_plot_boundaries_cambodia_composite

1 11 maps About Maps Termsofuse Privacypolicy My Profile Logout ged.ai

W

¥ gedai cecd
+ O Mapviz I'l"'
A O None I I
O Sstamen TonerLite

= ; ® Bing

& O Google Hybrid

.‘Y

¥ .b O Google Satellite

Plot Boundaries for RICESDP zones in Cambodia, A.l.-generated (2021)
Plot Boundaries for RICESDP-zones in Cambodia (2020)

ground truth + A.l. :
close match

Map: https://maps.ged.ai/map/qed_plot_boundaries_cambodia_composite

Leaflet | © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS


https://maps.qed.ai/map/qed_plot_boundaries_cambodia_composite

kh Q

nOon rum
Nzbhan Si Ayutthaya . T
ai + i, Nakhon Nayok S | |||
Muang Khéng
T ﬂ . 4 I I
B mLukKa o100 Bt
KUn  Phanom Sarakham . SaKaeo . Phnum Tbéng Méanchey
o
. Aranyaprathete -Pady Pét
Cha
choengsao ” , Sisdphon ) :
« Bang Pakong . Wang Nam Yen o Steeng Tréng , Lumphat
* Phanat Nikhom
i
- m

Ban Talat B

o ° an Talat Bueng
« Phattaya
, Pailin
. Klaeng
. Ban Chang » Kampéng Thum
O Tha Mai, _ Chanthaburi
Sattahip  Poiithisat i
« Laem Sing o Krachéh
&
JTrat o Kampéng Chhnang

o Kampéng Cham

i
o Krdng Kadh Kéng . Phnom Penh Déng Xoai
x «TaKhmau gy e
Kampéng Spoe Tay Ninh,_Phi Khuong
Plot Boundaries for RICESDP-zones i
., Phumi Véal Sré\ CuChi, , Thi Dau Mot

in Cambodia (2020)
Vector map of field boundaries for rice paddies in the Ho Chi Minh City
RICESDP zones of Cambodia. Developed in December . Chaubéc

2020 by Quantitative Engineering Design (QED.ai). less o Kampdt Map: https://maps.ged.ai/map/qed_kh_ricesdp_boundaries

&Download layer .
JHaTién

Q@ Cambodia & QEDai (-l 0.3m O QEDai ,Sabéc -

€ 1219010, 104.75256 Q8o Copy Link . Duong Dong .BenTre 34

. .Leaflet | Map tiles by Stamen Design, CC BY 3.0 — Map data © OpenStreetMap


https://maps.qed.ai/map/qed_kh_ricesdp_boundaries

m maps _ About Maps Termsofuse Privacypolicy MyProfile Logout qged.ai
ged.ai ClEd

4

Plot Boundaries for RICESDP-zones
in Cambodia (2020)

Vector map of field boundaries for rice paddies in the
RICESDP zones of Cambodia. Developed in December
2020 by Quantitative Engineering Design (QED.ai). less

&Download layer
@ Cambodia & QED.ai (4 0.3m O QEDai
€ 13.15178, 103.02959 Q4.0 Copy Link 35

Leaflet | Map tiles by Stamen Design, CC BY 3.0 — Map data © OpenStreetMap


https://maps.qed.ai/map/qed_kh_ricesdp_boundaries

Plot Boundaries fdr'RI SDP-zones
in Cambodia (2020) £

Vector map of field boundaries for rice paddies in _t|:1_’e' |
RICESDP zones of Cambodia. Developed in December ’

2020 by Quantitative Engineering Design (QED.a
&Download layer 35, P ,

@Cambodia ~ &QEDai  Eo03m  @QEDai
& 1315178, 103.02959 Q140 Copylink

v 4 WS
W

@

a L4

Map: https://maps.qed.ai/map/qed_kh_ricesdp_boundaries

Leaflet | © 2021 Microsoft Corporation, Earthstar Geographics SIO


https://maps.qed.ai/map/qed_kh_ricesdp_boundaries
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Plot Boundaries for RICESDP-zones

- in Cambodia (2020)

Vector map of field boundaries for rice paddies in the
RICESDP zones of Cambodia. Developed in December

2020 by Quﬂt@atlyﬂinnneeSTng;slqp fQED.al). less

I T Pl Yl

- &@Download layer

@ Cambodia & QED.ai 0.3m O QED.ai

€ 13.14985, 103.01740 Q170 Copy Link
b 4

About Maps Termsofuse Privacy policy My Profile Logout qed.ai
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Map: https://maps.qed.ai/map/qed_kh_ricesdp_boundaries

Leaflet | © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS


https://maps.qed.ai/map/qed_kh_ricesdp_boundaries
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Plot Boundaries for RICESDP-zones

in Cambodia (2020)
Vector map of field boundaries for rice paddies in the
RICESDP zones of Cambodia. Developed in December

Map: https://maps.qed.ai/map/qed_kh_ricesdp_boundaries

2020 by Quantitative Engineering Design (QED.ai). less

L T B ——

&Download layer

@ Cambodia & QEDai 0.3m O QEDai
<> 13.14985, 103.01740 Q170 Copy Link

Leaflet | © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS


https://maps.qed.ai/map/qed_kh_ricesdp_boundaries

Plot Summary Statistics in Cambodia

Region Name

Number of Plots

Total Cropland Area

Average size of a

[ha] Plot [ha]
Prey Sangha 2998 968.24 0.3229
Anglong Run 1933 1332.16 0.6892
Ta Mao 1443 911.42 0.6316
Chhuk Ksach 7427 1155.93 0.1556
Ta Soong 3264 1573.14 0.4819
Chamkar Kouy 8161 1852.14 0.2269
Ansong 5324 1269.92 0.2385
Rumlech 10253 2038.42 0.1988
Anlong Char 8093 1983.01 0.2450
Total 48896 13084.39 0.2675

e
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Let’s jump straight to the map
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Lab: Inspect Data With QGIS
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Steps: lll

1. Visit maps.qed.ai
2.
3. Select “Cambodia Rice Paddy Boundaries":

Type “Cambodia”

https://maps.qed.ai/map/qed_plot_b
oundaries_cambodia_split_region



e

&

m (I;Edaa?s About Maps Termsofuse Privacypolicy My Profile Logout ged.ai

O Mapviz

O None

O Stamen TonerLite
® Bing

@) Google Hybrid
O Google Satellite

Plot Boundaries for RICESDP zones in Cambodia, A.l.-generated (2021)
Plot Boundaries for RICESDP-zones in Cambodia (2020)

Leaflet | © 2021 Microsoft Corporation, © 2021 Maxar, ©CNES (2021) Distribution Airbus DS
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Untitled Project — QGIS

cecd

essing Help

T

1 Choose Open Data Source

Data Source Manager — Vector

<
- &= je 4 -
Vj /;L’ ﬁ m . Browser Source Type
I~ O
@ M V., Vector ® File Directory Database Protocol: HTTP(S), cloud, etc.
Browser Processing Toolbox B®
QRT®O SRR Encoding Automatic - o e O e A
Favorites i;!; Mesh ) Q Search...
» [" spatial Bookmarks - Solifce » (O Recently used
» [6] Home = romn rom the QGIS Community: We, the developers, ~
s ET / # Cloud Vector Datase i) _boundary_survey/qed_adb_cambodia_rice_plots.geojson & .. munity n?embers of the%GIS Project viewpthe : g g:::ta%gar:ephy
@ GeoPackage Delimited in Ukraine and other conflict areas around (; i
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* S » @ Vector tiles
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T
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Activities N QGIS Desktop ¥ 12H 31 20:46 ®

*Untitled Project — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help I I
= Y [y ©7 S P = ®3 0 I 9 (T & .
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Q
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v ¥ Bing VirtualEarth
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