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Key Results Queens
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Manual Bucket Valve Command Characteristics
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Communication Delay Queens
- EM L2 ------------------------------------ —
= EML1-50to65KkmHalo = = =« =« == = = —=.:—.— . == J. -

~ 3.3 sround trip

- GEO _[: ................................. -
Carpenter 2004 [2]

i Burns 2013 [3]
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Communication Delay Queens
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Communication Delay Queens

UNIVERSITY

- EM L2 - s s Em s Em o s i A R L R L L L N - -} L

~ 0.4 s round trip [3]

—EMLl ------------------------------------ —

150 m/s per year delta-v [4]
Real time telepresence limit ~ 0.3 t0 0.5 s [5, 4]
Expensive humans
Squishy humans
e Limited endurance
* Beyond Earths magnetic field
e Galactic cosmic ray exposure risk [3]
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Overcoming Delay Queens
* Prediction \
* Displays [5, 6, 7]
e Virtual environment(s) [8, 9]
* Force feedback and bilateral control [10, 11] > <2s(7]

Compliance control

* Contact force controlled locally increasing delay error
tolerance [5, 6]

Move and wait [5, 7, 12] >
>10s [7]

Automation and supervisory control [7, 12]
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Algorithm Queens
1. Go to entry pose =
2. Detect entry éﬂ\
3. Activate admittance controller =2 :

e Control admittance between :> é
bucket and pile ‘
/

/

 Automatically avoid force ?—\‘ A

concentrations

VZk'(fl@S) o !

4. Detect maximum bucket curl

S 8§ 8 8§ 8§ § § A A AWV |

5. Go to weighing pose

T TTTTTTTTTTTTTTTTTTITITIITIIr.
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Why Auto Load on Earth? Queens

* Productivity
* Automate the entire LHD cycle
o P productivity [14]
* I consistency [15]
* Turn all operators into expert operators [15]

* Reduce safety costs
* Distance operators from worksite [16]
 Work more hazardous stopes [17]
* Increased sensing [18]

* Reduce operating costs
* Tune loading to match hauling equipment [19]
* More predictable consumable consumption [17, 19]
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Previous Attempts nS

* Scripted controllers
* Several patents
* Only works in homogeneous targets
 Most notable: Caterpillars AutoDig system [20]

* Behaviour and fuzzy logic
* Based on experimentally derived heuristics

* Unpredictable results when conditions change
* Most notable: Lever and Shi’s CAT 980G work [21]

* Force feedback controllers
* Impedance < better for target shaping
* Admittance < better for bucket filling
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Force Control

Bucket actuator positions

* Impedance (2)

o f=Z(vr-vit) ! I R
* Requires a target S0 T |
velocity or path 2036 | s e
* Most notable: < 034 /2 ‘ ootz 17066
Maeda et al. [22] 032+ ‘ R ‘ o [ 204004 170627 ‘
. 2.5 3 3.5 4 4.5 5
* Admittance (J/) Boom forces
o V:Y (f—f\lt) 11F | 20140424 165413
: ‘ ‘ —*— 20140424_165937
° Requ”‘es a ta rget ‘ : —=— 20140424_170204
force g7 I
* Most notable: g 5 g
Marshall et al. [23] .
Seraji [24] ‘ ‘ i i i
%.5 3 3.5 4 4.5 5

Time [sec]
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MSL Results

Payload mass [kg]

Saturated

648.3+-404.0

Saturated vs Controlled Loading
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o v | | © & = Pl Controller
[N a wv o D'_SOO i VA i

‘ ‘ ‘ 0 500 ~—1000 1500

20 40 60 Work expended [N m]
Dig Time [s]

Saturated 731.4+-176.7
P Controller 443.6+-106.8
Pl Controller 426.2+-204.5

Saturated 6.2+-11.1
P Controller 24.3+-11.2
Pl Controller 8.1+-5.0

Svs Pl = £Jd I 55%, Mid 1 18%, Wild 1" 26%
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ST14 Results
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ST14 Typical
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Manual vs Admittance
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Results and Contributions Queens

Why automate
* Cost
 Communications delay increases task time
e Minimum delay 0.4 s
* Mean manual digging command period ~1.6 s

Productive and consistent loading algorithm

» Digtime (£Jd) { 39%

* Payload (Mid) T 39%

 Work (Wld) 1 68%

Applicable to multiple vehicles and environments

ST14 FSR2015 Paper: [24]
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Thank You
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msl.engineering.queensu.ca

NCFRN

NSERC Canadian
Field Robotics Network

RCCRT

Réseau canadien CRSNG
pour la robotique de terrain
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Future work Queens

* Working mine = Production data set
* Digging model = offline tuning
* Auto dig study = dig planner design
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Experimental Method

Goal was always dig efficiency not controller stability

Access to real hardware (reduced need for modelling)

Typical field research issues

Sourcing
Qualification

Calibration _ &
Breakdowns Rock pile " Loa.der‘
Weather Wireless

P workstation |
Comms A B4R LAY

B -
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ST14 Consistency
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