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Introduction

e Kerry Halligan
* BS Forest Ecology
* Ph.D. Geography

* Lidar and hyperspectral remote sensing of forest health and structure
» Software developer
* Developing field data collection applications for 25 years

* Woodland Solutions Group
* Formed in 2022
» Strong team of foresters, GIS analysts, software developers
* Providing commercial web and mobile applications for 10+ years
* Inventory Management System — MobileMap + InventoryManager
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Presentation Goals

* Share experience
» 8 state forestry agencies
* 1 military base, testing on others
* Several universities
* Dozens of private forestry companies (TIMOs, REITs, consultants)
* Hundreds of foresters

* Field technology
* Trends
* Hardware
e Software
* Workflows and requirements for OLI

e Leave time for Q&A
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Field Data Strengths

Real-world, fine scale, trusted

Repeatable — check cruise should produce 1:1 match
(within thresholds)

* Range of uses in forestry
* Timber sale, procurement, valuation, etc.
e Support RS analysis

* Low barrier to entry
* D-tape, prism, clinometer, paper, pencil + Excel
* Fast startup

* Direct measurement, not modeled
* True for DBH, age at BH
* Not true for age, height, CR, canopy width, etc.

Include sub-canopy measurements
* Product, grade, defect

* Understory vegetation, soil moisture, pathogens,
regeneration, downed wood
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Data Collection Trends

* Efficiency * Accuracy
* Integrated spatial data e Accurate and precise data
* Integrated measurement hardware * In-field validation - where it matters
* Targeted apps over expert systems * Detailed enough to compare to lidar
* Flexibility * Transparency
e Range of cruise specs, merch specs * Traceable methods, users, equations

* Non-inventory use cases — wildfire, * Enterprise Systems

carbon, genetics, utilities, safet . .
5 Y * Multi-user, scalable, secure, integrated

* Consistency
e Consistent, repeatable methods
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Mobile Devices

* Mobile device requirements
 ‘Sufficiently’ rugged
* Water, dust, drop ‘proof’
* Active stylus (stylus-only mode)
* Long battery life
* Bright screen
e Powerful

» Sufficient performance to handle large
spatial and attribute datasets

* GPS

* Built in and Bluetooth device support

e Storage (SD Cards)

* Base maps, photos, backups

* Operating System “
* Only Android provides all of these android

($)woobpLAND :

SOLUTIONS GROUP woodlandsolutionsgroup.com



Example Mobile Devices

Relatively low cost, good GPS (1-3m),
Samsung Tab Active3 active stylus, supports up to 1TB SD
card

Better GPS (<2m), very rugged, small
Handheld Nautiz X6 size (6” Phablet)

Better GPS (<2m), fast processor
Juniper Systems CT8X2

Juniper Systems Mesa 3 Most rugged, fastest processor, most
RAM, best warranty

* Device specs, verified GPS accuracy, sales and support contact: https://landmarkspatialsolutions.com/
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Measurement Hardware

* Bluetooth connect to mobile device
* Adds precision to measurements
* Improves efficiency, accuracy

* Examples

e Submeter GPS

e Laser rangefinder
Ultrasound distance (DME)
 Digital caliper

* Ancillary devices
* Drone, backpack lidar
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WSG Inventory Management System

Operational data

MobileMap Cruise

Navigation and location awareness
View and query Data

Collect and edit data on roads, culverts,
streams, gates, etc.

Map harvest boundaries, cruise stands,
etc.

Collect photos

Cruise plots

Check cruise plots

Base map data

InventoryManager

el + Populate cruise stands
* Assign stands and check cruise

stands to cruisers/contractors
* Monitor cruise progress
* Perform cruise data QA/QC
* Compile cruise data, calculate volume
* Export stand data for external systems
* Generate reports

*  Print maps VIU&

ke,
ArcGIS Online

Portal for ArcGIS

External Systems

* Forest inventory and modeling software (e.g., TCruise,
FVS, Trimble Forestry)

* GIS and data viewers (e.g., Google Earth)

* CSV, Excel, Shapefile, KML formats

ArcGIS Desktop / Pro / Online

e Design cruise data model

*  Publish map services

* Perform advanced GIS analysis

* Package base map data @ TCRU|SE F’?cr)?es::ﬁon @:Trimble@ %‘

v System FORESTRY SILVAH.7
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MobileMap Functionality

d NaVigation Add or Edit Trees
e Base maps (topo, aerial, CHM) ™ Tl [>T
* Turn by turn, in-field navigation CE N BT ST
* Collection

* Minimal inputs (defaults, auto-calculate)

* Allowed values (picklists, min/max)

* Check cruise

» GIS functionality (digitize, edit, split stands)

e GPS data capture (tracking, boundaries, plots)
* Direct read from laser rangefinders

e Basic in-field analysis
* Limiting distance calculation Limiting Distance Select Spp Value

* Tree coordinates calculated from GPS, distance, o
azimuth

* Real-time analytics
* BA, TPA, QMD, percent error
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Base Maps

Spatial context, navigation

Mapping (heads-up digitize, modify)

Verify remote sensing data products

Data Types
* Imagery (drone, aerial, satellite)
e True color, CIR, hyperspectral
* Topo, streams, soils, slopes, ...
* Lidar derived CHM, stem map o FE

mﬂvq},,

& o
..‘ hc

Requirements
e Multiple ‘simultaneous’ base maps
* Large extent, detailed
e Large data storage - MicroSD card

* Pre-package (ArcGIS Pro) or downloaded in app
(requires Wi-Fi)
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MobileMap Data Collection

QT 5E% @350 AM FEE. © 7 5% @ 058 AM

Add or Edit Trees
Edit attributes existing Plots feature

B x & # & 4 B

Logs  Sum

DEJECTIDH FIATAATRLT

Stand 1D

Observert

Flot_Typa

Status

Photoa

Azimuth

Notes

Unigue_ID {1023h284-21 43432531 5052701 3046204}
Farent_|D 1536801 d3-228b-4di-Beca-30F56d FHGFATH
created_user KH

created date 31472078 D9:55 AM

L ast_edited_user
1:16,300 (0,86 m)

s _erelileel_thiales 3714/2018 0955 AM

Ctrl 1#& () Englist
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Workflows for OLI

* Training
* Train algorithms using accurate and precise field data
* Validation

* Validate internal or vendor-provided data
e Assess and compare methods

* Augmentation

* Collect attributes that pose challenges for lidar

* Species, product, defect, merch height

* Regeneration, downed wood, understory vegetation
* Record commissions and omissions

* Adjacent intermediate

* Forked (single tree, multiple stems)

e Suppressed trees
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OLI Requirements

Dist

* Training/Validation/Augmentation
Modify field specs - Large, fixed area plots
Sub-meter GPS

Spatial data on individual trees (distance,
azimuth, offset XY)

Additional measurements to support RS
analysis (base of crown, branch data, etc.)

* Validation/Augmentation

* Process RS data quickly to deploy results
to field

e Support large CHM and stem map
datasets

S25M0 X530 525330 SP5040  SISIS0 525060

* Ability to check lidar derived trees sl

* Tree top

(validate) ~ Silvaetal, 2022 -

 Ability to edit lidar derived trees
(augment)
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Laser Rangefinder Integration

Pair Connect Collect

11:47 G @ A

Add or Edit Trees

NS EeA - bl Bluetooth Devices

< Bluetooth Stop  Advanced CORTatHan s ful.
VLG NONE o= ﬂ E H
< Spp Tal DBH Ht Dst Az 00X oy

Make sure the device you want to connect to is in pairing mode. Your tablet is RANGEFINDER'LTI
visible to otherdevtcei as Galaxy Tab Active2. ’ ’ . DF 14.0 58.6 10.8 256.9 |98.5949'|45.5163
RANGEFINDER_HAGLOF //4

D vie o ) = ]
Offset coordinates from sub-
meter Bluetooth GPS

* Triggered by laser rangefinder
data capture
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Standard Inventory Workflow

MobileMap

Define Stands Plot Layout Download

Search & Navigate

e Search for stands
e Navigate to plots

e Import/Copy e Select spatial e Updated spatial data

* Digitize parameters e Updated
e Define cruise design assignments

Collect & Edit

Integrate Analyze Upload

e View data in other e Review data (QC) e Upload field data e Collect spatial data
e Update attributes

e Cruise timber

systems e Compile inventory
e Export e Generate reports

e Upload photos

InventoryManager
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Workflows for OLI: Training

Define Stands Plot Layout Download Search & Navigate

* Import/Copy » Select spatial * Updated spatial data » Search for stands
* Digitize parameters e Updated

* Navigate to plots
* Define cruise design assignments

* Large, fixed area Ve D
RS Data Products plots * Higher spatial accuracy
* Stem map trees
e Additional height and
structure measurements

e CHM
¢ |ndividual tree stems

Integrate Analyze Upload

e Review data (QC) e Upload field data

Collect & Edit

* View data in other

* Collect spatial data
» Update attributes
* Cruise timber

systems

e Compile inventory e Upload photos
* Export

* Generate reports
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Workflows for OLI: Validation/Augmentation

Define Stands Plot Layout Download Search & Navigate

* Import/Copy » Select spatial * Updated spatial data » Search for stands

* Digitize parameters e Updated e Navigate to plots
* Define cruise design assignments

ﬁ Higher spatial accuracy \

\ * Stem map missing trees
* Large, fixed area .
a . RS Data Products g Check measurements
e Stand boundaries from plots * Add measurements
CHM segmentation * CI-::IM'd I * Lidar-derived trees (species, DBH, defect,
* Plots as stratified sample * Individual tree stems downloaded in merch height, etc.)
of lidar-derived stands vicinity of plots, as 0
. 4 points
\ 4

Collect & Edit

* Collect spatial data

Integrate Analyze Upload

* View data in other
systems

* Export

e Review data (QC) e Upload field data
e Compile inventory e Upload photos
* Generate reports

» Update attributes
* Cruise timber
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Questions and Answers

 Mobile devices and hardware
* Field data collection workflows
* Field data management and analysis

e Other...
khalligan@woodlandsg.com
https://woodlandsolutionsgroup.com/
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InventoryManager: Data Management

Plot layout
y Select base map

Toggle layer visibility

Create, split,
—§R,  SETTEETeewm———— reshape Stands
InvetoryManager

Search Features

Search any layer by
location or attributes

Plots.

R i o EE e S G (S e o Ao T A RS Y G T RN N S R e
Stztus 2 R B e SRR L (D) onaoen

Operator = w | Value Crisz=d w5

® O Q z z ] o g .

Edit stand and plot " _ .
spatial and attribute data QW O B —

i

o 3 ¥l -l : N N
Stand 1D 12584 T A : N ource e
Plot 1D 1 5 A
Cruiser 1D KOH
Status Cruised
condition Forest
plot Type BAF
Plot size BAF27.78
— Color shows status
= 'frsfp";pl Mo
= Labels show plot number
Fhotos ]
Hotes 1
s 1 -
Tree_ID spp Cruiser_ID cmp Tal DEH HE a1 Cruise_Type +
1 Douglas-Fir oA 83 E 20 standard S0 -
. . 2 Douglas-Fir o a7 0 Standard ]
Review, edit, create o = = 35 . : -
4 Douglas-Fir oA 95 a0 standard £ 0
trees and logs e | e 6 : | 7
& Daouglas-Fir Kor 20 standard |
Douglas-Fir KoH 3 [ 0 tandard £
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InventoryManager: Analysis and Reporting

* Automated QC ™ |
* Combine check cruise data with scoring rules verh [ : !"i‘
* Calculation/dubbing of missing values . . {"
* Calculate/impute (‘dub’) missing values verch E,,, | L Clark sample 1
* Merchandise L g oo —
* Taper equations / volume tables £ 0 e deserved)
« Apply merch specs (Min DIBs, lengths, log rules, etc.) | T ;miﬁp{z!%’ mexlog eneth
* Unit conversations (cu.ft. to tons) :f:t: " S pBatso-93
* Compile Fond T ey R
e Per acre and total : - w m
. Volumes, BA, TPA Cruiser Productivity R
* By stand, species, product — =
* Estimated error 3 oo
* Reports el == —
* Wide range of charts and tables : . PRI =S s sS s =
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