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Agenda
• NG NRMM is a standard

• What is a NATO STANREC

• Objectives and Scope of Allied Modeling and Simulation
Publication-06 (AMSP-06, ver 1),
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 I/O

 GIS Benchmarks

 Terramechanics Database

 UQ

 VV&A

• Enduring Support Process

• Conclusions
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The NG-NRMM specifications will establish a basis for VV&A of mobility M&S, guidance and 
benchmark data for implementation, as well as standard data schema, file formats, and 
mobility performance metrics (i.e., events) to support interoperability and collaboration
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NG-NRMM Will Be Standards
Not a Specific Computer Code

ide 

Next Generation NATO Reference 
Mobility Modeling Standards

Legacy Terrain Files and 
Updated Terrain Data Format

Mobility Metrics: 
Speed Made Good 
GO/NOGO
Fuel Economy

Terramechanics Models & Db
Uncertainty Quantification
Autonomous Vehicles

V&V Maturity Scale and Benchmarks

Existing Standards (AVT, ITOPS,GIS, etc )

GIS Based Input and Output
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STANREC vs STANAG

• STANdardization RECommendation (STANREC): non-binding
document employed on a voluntary basis and does not
require commitment of the Nations to implement the
standards which are listed in it.

• STANdardization AGreement (STANAG): a policy statement
is agreed by the nations to employ and implement the
standards
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NG-NRMM NATO Standards
• AMSP-06, ver 1 Standards Document: “Guidance for M&S Standards

Applicable to the Development of Next Generation NATO Reference Mobility
Model (NG-NRMM)”,    Allied Modeling and Simulation Publication-06 (AMSP-
06, ver 1),

 assigned by and coordinated with NATO Modeling and Simulation Group (NMSG),

 to be released, after NMSG review; target date: November 2018 by AVT-248.

• STANREC 4813, Ed 1: is a covering document that formally recommends use of
AMPS-06, ver1

• AVT-327: Research Task Group (RTG) will establish the enduring process for
development and configuration management of AMSP-06
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AMSP-06 Objectives and Scope
• A land vehicle mobility M&S open architectural

specification that:
• Is applicable to all land vehicle geometric scales
• Implements GIS-based M&S methods and mobility metrics
• Promotes Modularity, interoperability and portability

• Is scalable M&S, embracing multiple levels of resolution:
theoretically, geometrically, and numerically

• Includes M&S verification and validation maturity scales and
practical benchmarks

• Includes standards and databases for terramechanics
experimental data measurement methods that support the
models
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Impact and Exploitation: DOTMLPFI
The STANREC guidance codifies results of the NG-
NRMM effort and establishes:
1. An enduring artifact
2. A baseline as well as a development path for NATO

nations mobility modelling
1. Methods
2. Benchmarks
3. Soils Database

that should be applied to physics based simulations of  
all operational land and amphibious mobility among the 
alliance.
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Research Task Group: AVT-327

• Co-Chairs:

 Dr. Paramsothy Jayakumar (USA)
 Dr. Michael Hönlinger (DEU)
 Dr. Michael McCullough (USA)

• Panel Mentor: Dr. David Gorsich (USA)
• Members: USA, CAN, CRO, CZE, DEU, DNK, EST, GBR, ITA,

NLD, POL, ROU, SVK, TUR, ZAF

• Duration: Jan. 2019 – Dec. 2021
• Coordination: NMSG

• Related activities: AVT-248, AVT-308 CDT
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TA1: GIS Input and Output
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TA1: Input Specifications
• GIS DATA PROVIDED AS INPUT TO MOBILITY M&S

 Detailed list of minimal attributes for each terrain unit (NTU)

 Feature Attribute Coding Catalog-Plus (FACC+) data model schema
[with eventual migration to DGIWG (Digital Geographic
Information Working Group) Feature Data Dictionary (DFDD+) ]

 Legacy NRMM Code 11 MAPTBL

 The MAPTBL format is a legacy ASCII format that stores geospatial
data and attribution in three different files.

– *.ASC file which is an ASCII Raster format of Terrain Units (NTUs) and their spatial
location.

– *.PRJ file which stores the geospatial coordinate system description of the .ASC
file.

– *.TER file which stores the attribution of each NTU.

• OPTIONAL SCENARIO DATA FILES (same as terrain format)
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TA1: Output Specifications
• Mobility Metrics shall be computed and mapped to NTUs

 Go/NoGo and Speed-Made-Good and Fuel Economy
 Custom algorithms for aggregating multiple mobility metrics

 ReasonCodes

 A Useful Point of Reference: Legacy NRMM Operational Module

 Formats

 GEOTIFF

 ASCII
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TA1: Output Specifications
• Fuel Economy : CDT data has shown that NG-NRMM

models can capture Terrain Specific Fuel Economy
metrics including major influences such as turning
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Catalog of NG NRMM GIS Benchmarks
MONTERREY

KRC

THE NEXT 
BENCHMARK
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Terramechanics Database

Moisture Note: 200-400kPa is required for CV Est Est

0-6" 6"-12" wt basis

s Max

(kPa)

s Max

(kPa)

Pmax  @ 15cm 

(6in) 

Max Wet 

Density Max Dry Density Optimum MC

Max 

Porosity Min Porosity

Relative 

density

Spec 

Gravity

Saturatio

n MC LandUse Soil Type 1 Soil Type 2

Number Terrain (soil type) MC(%)

Wet 

(Kg/m3)

Dry 

(Kg/m3) pmax (kPa) Relax(%) Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Source kPa kg/m^3 % (weight) kPa Mean StdDev USCS Mean StdDev Mean StdDev Mean StdDev Mean StdDev USCS Mean StdDev Mean StdDev

1 LETE Sand  (internal) ~0 400 0.79 0.012 5301 775 102 54 0 503000 1.36 0.09 31.56 0.38 1.6 0.61 1 1253 26% 50% 2.6 #REF! 0

2 rubber-soil interface ~0 400 0.65 0.23 27.51 0.05 1.14 0.34 1 0

 Historic Bekker Table

3 Upland sandy loam 1.1 2080 74.6 3.3 33.7 2 289 51

4 Rubicon sandy loam 0.66 752 6.9 3.7 29.8 2 222 43

5 North Gower clayey loam 0.73 2471 41.6 6.1 26.6 2 653 46

6 Dry Sand (Land Locomotion Lab) 1.1 1528 1 1 28 2 190 0

7 Sandy Loam(LLL) 0.7 1515 5.3 1.72 29 2 406 15

8 Sandy Loam(LLL) 0.2 43 2.6 1.38 38 2 35 22

9 Buchele (MI) Sandy Loam 0.9 1128 52.5 4.8 20 2 236 11

10 Buchele (MI) Sandy Loam 0.4 809 11.4 9.7 35 2 397 23

11 Hanamoto Sandy Loam 0.3 141 2.8 13.8 22 2 85 26

12 Hanamoto Sandy Loam 0.5 52 0.8 5.2 11 2 21 32

13 Clayey soil (Thailand) 0.5 692 13.2 4.1 13 2 285 38

14 Clayey soil (Thailand) 0.7 1263 16 2.1 10 2 349 55

15 Heavy Clay (Vicksburg MS) 0.13 1556 12.7 69 34 2 1249 25

16 Heavy Clay (Vicksburg MS) 0.11 103 1.84 20.7 6 2 89 40

17 Lean Clay (Vicksburg MS) 0.2 1725 16.4 69 20 2 1218 22

18 Lean  Clay (Vicksburg MS) 0.15 120 1.5 13.8 11 2 94 32
South Africa (David Reinecke)

19.1 South Africa ClayeySilt1 0.55 813 31 5.5 31 1 3 323

19.2 South Africa ClayeySilt2 0.56 1083 41.8 3.8 18 1.6 3 422

20 South Africa Dry Sand 1 1756 87.3 1.33 16.8 7 3 307

21.1 South Africa Sandy Loam1 0.91 1520 37.9 1.89 33 28.5 3 293

21.2 South Africa Sandy Loam2 0.89 1630 56.6 2.96 36 28.8 3 336

21.3 South Africa Sandy Loam3 0.93 1890 54.1 2.49 32 27.8 3 355
NATO CDT  Keeweenauw 2018

Variable Hill Climb 2NS Sand Test Set 1  0.40 101 9 1.23 32.3 2.4 4 61

Variable Hill Climb 2NS Sand Test Set 2  0.62 39 8 1.47 31.7 1.9 4 20

Ice Rink 2NS Sand Test Set 3 0.69 630 -20 1.63 32.9 1.8 4 153

Ice Rink 2NS Sand Test Set 4 0.74 491 -16 1.30 33.8 3.0 4 107

Coarse Pit Coarse Pit Test Set 5 0.82 47 5 1.27 31.3 2.3 4 14

Fine grain soil pit Fine Grain Pit Test Set 6  2.39 33 3 2.55 37.0 2.5 4 0

Variable Hill Climb 2NS Sand (Compacted by 4 FED tire passes) Test Set 7  0.88 1206 -54 0.92 34.6 3.6 4 195

Fine grain soil pit (dry) Fine Grain Pit Test Set 9  1.49 647 -27 1.05 37.4 2.4 4 33

Fine grain soil pit (dry) Fine Grain Pit Test Set 10  1.82 -736 74 1.46 35.9 1.4 4 -16

Fine grain soil pit (dry) Fine Grain Pit Test Set 11  1.93 34.7 2.0 4 0

Coarse Pit Coarse Pit Test Set 12 2.4 1610 0.46 174 6 1.56 30.4 1.9 4 82

Coarse Pit Coarse Pit Test Set 13 7.5 1711 0.63 145 5 1.34 31.8 2.2 4 49

Coarse Pit Coarse Pit Test Set 14 2.5 1544 0.81 46 7 1.13 31.9 2.5 4 15

Ice Rink 2NS Sand Test Set 15 0.79 117 4 1.68 30.8 1.3 4 29

Ice Rink 2NS Sand Test Set 16 0.78 69 7 1.60 31.1 1.4 4 21

Fine grain soil pit (wet) Fine Grain Pit Test Set 17  3.57 3 0 3.06 37.3 2.8 4 0

Fine grain soil pit (wet) Fine Grain Pit Test Set 18  2.97 -1 0 4.21 33.0 3.3 4 0

Fine grain soil pit (wet) Fine Grain Pit Test Set 19  1.99 39.0 3.1 4 0

Rink Natural Rink Natural Test Set 20  2.19 -1836 220 1.76 39.1 0.8 4 -17

Rink Natural Rink Natural Test Set 21  2.35 -134 73 1.69 40.1 1.0 4 1

Stability  Stability Test Set 22 2.82 38 15 3.34 39.6 1.7 4 0

Stability Stability Test Set 23 3.24 37.8 0.8 4 0

Variable Hill Climb 2NS Sand Test Set 24  0.50 92 8 1.51 31.8 2.2 4 47

Variable Hill Climb 2NS Sand Test Set 25  0.59 218 -2 1.57 31.1 2.1 4 69

Coarse Pit Coarse Pit Test Set 26 0.81 -71 14 1.62 30.7 2.5 4 -5

Coarse Pit Coarse Pit Test Set 27 0.84 142 1 1.73 30.4 2.3 4 30

Fine grain soil pit Fine Grain Pit Test Set 28  3.03 5 0 2.76 37.2 2.3 4 0

Fine grain soil pit Fine Grain Pit Test Set 29  4.01 5 0 2.56 38.6 2.3 4 0

Ice Rink North Rink Natural (Grass) Test Set 30  1.69 94 8 4.49
maxed torque 

cell 41.5 1.1 4 5

Ice Rink North Rink Natural (Grass) Test Set 31  1.75 -2954 255 4.15
maxed torque 

cell 39.8 1.5 4 -76

Stability Stability Test Set 32 2.98 6 10 6.23
maxed torque 

cell 38.2 1.0 4 0

Stability (Saturated+) Stabilty (Very Wet) Test Set 33  2.15 628 -21 6.04
maxed torque 

cell 28.5 2.3 4 10
Rubber-Soil: NATO CDT  Keeweenauw 2018

Variable Hill Climb 2NS Sand Test Set 1 0.04 26.6 0.6 4

Variable Hill Climb 2NS Sand Test Set 2  0.00 26.9 1.1 4

Ice Rink 2NS Sand Test Set 3 0.00 28.5 0.6 4

Ice Rink 2NS Sand Test Set 4 0.03 27.3 0.8 4

Coarse Pit Coarse Pit Test Set 5 0.16 26.5 0.5 4

Fine grain soil pit Fine Grain Pit Test Set 6  0.14 28.5 0.5 4

Variable Hill Climb 2NS Sand (Compacted by 4 FED tire passes) Test Set 7  0.00 27.4 1.1 4

Fine grain soil pit (dry) Fine Grain Pit Test Set 9  0.00 28.6 0.6 4

Fine grain soil pit (dry) Fine Grain Pit Test Set 10  0.00 29.0 0.9 4

Fine grain soil pit (dry) Fine Grain Pit Test Set 11  0.18 27.6 0.6 4

Coarse Pit Coarse Pit Test Set 12 0.32 26.4 0.9 4

Coarse Pit Coarse Pit Test Set 13 0.06 26.8 1.2 4

Coarse Pit Coarse Pit Test Set 14 0.03 26.8 0.8 4

Ice Rink 2NS Sand Test Set 15 0.00 29.8 0.6 4

Ice Rink 2NS Sand Test Set 16 0.00 27.1 0.4 4

Fine grain soil pit (wet) Fine Grain Pit Test Set 17  0.46 28.7 0.7 4

Fine grain soil pit (wet) Fine Grain Pit Test Set 18  0.40 28.9 0.7 4

Fine grain soil pit (wet) Fine Grain Pit Test Set 19  0.22 29.2 0.7 4

Rink Natural Rink Natural Test Set 20  0.02 32.4 0.4 4

Rink Natural Rink Natural Test Set 21  0.21 31.1 0.9 4

Stability  Stability Test Set 22   0.28 34.1 0.5 4

Stability Stability Test Set 23   0.00 34.5 0.4 4

Variable Hill Climb 2NS Sand Test Set 24  0.26 25.3 0.5 4

Variable Hill Climb 2NS Sand Test Set 25  0.42 25.3 0.6 4

Coarse Pit Coarse Pit Test Set 26   0.22 26.6 1.0 4

Coarse Pit Coarse Pit Test Set 27   0.22 26.7 1.1 4

Fine grain soil pit Fine Grain Pit Test Set 28  0.52 28.8 1.2 4

Fine grain soil pit Fine Grain Pit Test Set 29  0.24 29.5 0.6 4

Ice Rink North Rink Natural (Grass) Test Set 30  2.46 27.0 0.6 4

Ice Rink North Rink Natural (Grass) Test Set 31  0.00 36.5 0.7 4

Stability Stability Test Set 32 0.80 35.9 0.5 4

Stability (Saturated+) Stabilty (Very Wet) Test Set 33  1.05 22.2 0.8 4

In Situ Bulk Density 

Aunload(kN/m4) c  (kPa) f (deg)

Standard Proctor Test

2nd Layer depth (cm)

2nd Layer Moisture 

Content (%)

2nd Layer 

Temperature ( C)Bulk Density(kg/m3)

Top Layer Moisture 

Content (%)

Top Layer 

Temperature ( C)

Top Layer depth 

(cm)

Cone Index Direct Shear Results

c  (kPa) f (deg) k (cm) Kr (brittle) Kw (brittle)

Shear Ring ResultsBekker-Wong Equation Bearing Model Parameters (kPa, m units)

k (cm) Kr (brittle) Kw (brittle)n Kf (kN/mn+2) Kc (kN/mn+1) K0(kN/m3)

StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev

5301 775 102 54 0 503000

0.23 27.51

2080 33.7

752 29.8

2471 26.6

1528 1 1 28

1515 5.3 1.72 29

0.65 0.23

2080 74.6 3.3

752 6.9 3.7

2471 41.6 6.1
Wong, 1984

29

1.38 38

4.8 20

9.7 35

13.8 22

5.2 11

4.1 13

2.1 10

69 34

20.7 6

Bekker, 1969
69 20

13.8 11

5.5 31 1

3.8 18 1.6

1.33 16.8 7

1.89 33 28.5

2.96 36 28.8

2.49 32 27.8

Reinecke, 2018

NATO CDT 2018

Note: 200-400kPa is required for CV Est Est
Pmax  @ 15cm 

(6in) 

Max Wet 

Density Max Dry Density Optimum MC

Max 

Porosity Min Porosity

Relative 

density

Spec 

Gravity

Saturatio

n MC

Standard Proctor Test

Lab Data
Moisture

wt basis

In Situ Bulk Density Cone Index

In-situ

(kN/m4)

Bekker-Wong Equation Bearing Model Parameters (kPa, m units)

(kN/mn+2) (kN/mn+1) (kN/m3)

P-z model
s Max

(kPa)

Mean StdDev Mean StdDev Mean StdDev Mean StdDev

31.56 0.38 1.6 0.61

c  (kPa) f (deg)

Shear Ring Results

k (cm) Kr (brittle) Kw (brittle)

Mean StdDev Mean

1.36 0.09 31.56

t-j  model
(Shear ring)

s Max

(kPa)

Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev

Direct Shear Results

c  (kPa) f (deg) k (cm) Kr (brittle) Kw (brittle)

StdDev

t-j  model
(Direct Shear)

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

NATO CDT 2018
Rubber shear ring

0.04 26.6 0.6

0.00 26.9 1.1

0.00 28.5 0.6

0.03 27.3 0.8

0.16 26.5 0.5

0.14 28.5 0.5

0.00 27.4 1.1

0.00 28.6 0.6

0.00 29.0 0.9

0.18 27.6 0.6

0.32 26.4 0.9

0.06 26.8 1.2

0.03 26.8 0.8

0.00 29.8 0.6

0.00 27.1 0.4

0.46 28.7 0.7

0.40 28.9 0.7

0.22 29.2 0.7

0.02 32.4 0.4

0.21 31.1 0.9

0.28 34.1 0.5

0.00 34.5 0.4

0.26 25.3 0.5

0.42 25.3 0.6

0.22 26.6 1.0

0.22 26.7 1.1

0.52 28.8 1.2

0.24 29.5 0.6

2.46 27.0 0.6

0.00 36.5 0.7

0.80 35.9 0.5

1.05 22.2 0.8

0.40 101 9 1.23 32.3 2.4 4 61

0.62 39 8 1.47 31.7 1.9 4 20

0.69 630 -20 1.63 32.9 1.8 4 153

0.74 491 -16 1.30 33.8 3.0 4 107

0.82 47 5 1.27 31.3 2.3 4 14

2.39 33 3 2.55 37.0 2.5 4 0

0.88 1206 -54 0.92 34.6 3.6 4 195

1.49 647 -27 1.05 37.4 2.4 4 33

1.82 -736 74 1.46 35.9 1.4 4 -16

1.93 34.7 2.0 4 0

2.4 1610 0.46 174 6 1.56 30.4 1.9 4 82

7.5 1711 0.63 145 5 1.34 31.8 2.2 4 49

2.5 1544 0.81 46 7 1.13 31.9 2.5 4 15

0.79 117 4 1.68 30.8 1.3

0.78 69 7 1.60 31.1 1.4

3.57 3 0 3.06 37.3 2.8

2.97 -1 0 4.21 33.0 3.3

1.99 39.0 3.1

2.19 -1836 220 1.76 39.1 0.8

2.35 -134 73 1.69 40.1 1.0

2.82 38 15 3.34 39.6 1.7

3.24 37.8 0.8 4 0

0.50 92 8 1.51 31.8 2.2 4 47

0.59 218 -2 1.57 31.1 2.1 4 69

0.81 -71 14 1.62 30.7 2.5 4 -5

0.84 142 1 1.73 30.4 2.3 4 30

3.03 5 0 2.76 37.2 2.3 4 0

4.01 5 0 2.56 38.6 2.3 4 0

1.69 94 8 4.49
maxed torque 

cell 41.5 1.1 4 5

1.75 -2954 255 4.15
maxed torque 

cell 39.8 1.5 4 -76

2.98 6 10 6.23
maxed torque 

cell 38.2 1.0 4 0

2.15 628 -21 6.04
maxed torque 

cell 28.5 2.3 4 10

4 29

4 21

0

0

0

-17

4 1

4 0

4 0

NATO CDT 20184NATO CDT 20184

4NATO CDT 20184

4NATO CDT 20184

4NATO CDT 20184NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018NATO CDT 2018

LandUse Soil Type 1 Soil Type 22nd Layer depth (cm)

2nd Layer Moisture 

Content (%)

2nd Layer 

Temperature ( C)Bulk Density(kg/m3)

Top Layer Moisture 

Content (%)

Top Layer 

Temperature ( C)

Top Layer depth 

(cm)

GIS Layer Data

The CDT contribution to the NG-NRMM Terramechanics database will include raw data 
files and expand to accommodate better data fitting models, such as P-z polynomials, 
and will fully associate data from correlated complementary GIS, CI and CT methods
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GIS Inference Models For Moisture
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Database Development for Terramechanics
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annics
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Detailed List of ST Database Parameters
• pmax applicable max pressure range

• Relax 2-second normal stress relaxation of bevameter platen at pmax (%)

• MC  applicable moisture content (dry weight basis)

• KUSCS soil type

• gs specific gravity of solids

• Gs maximum dry (or wet) density (must specify) [also known as max bulk density]

• Dr relative density of natural in-situ sample [or natural bulk density]

• c   surface layer cohesion

• f   surface layer internal friction angle

• k    surface layer shear strength modulus

• n   bearing strength exponent

• kf bearing strength frictional constant

• kc bearing strength cohesive constant

• K0 bearing elastic reload stiffness

• Au bearing elastic progressive stiffening

• kf2 2nd layer frictional bearing strength

• kc2 2nd layer cohesive bearing strength

• n2 2nd layer bearing strength exponent

• K02 bearing elastic reload stiffness

• Au2 bearing elastic progressive stiffening

• pmax2 applicable max pressure range

• CI (0-15cm)

• CI (15-30cm)
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Bevameter Implements for CDT
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Related Data Tabulated in ST Database

• ST Snow model parameters (Wong, 1984)

• ST Muskeg model parameters (Wong, 1984)

• Notional model of ST model parameters vs soil type

• Notional model of generic soil strength vs soil type and MC

• USDA SSURGO Web Soil Survey Bulk Density and MC vs Soil
Type

• Geotechdata.info, Soil void ratio,
http://geotechdata.info/parameter/soil-void-ratio.html (as
of November 16, 2013).

• Mulhearn study on cone index vs soil type and moisture
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Uncertainty Quantification Specification
Two steps are recommended for 
generating  reliability based 
mobility maps:

Step 1.  Process for interpolation
and/or extrapolation of
geostatistical data such as terrain
elevation, feature occurrence and
feature parameters as well as
physical properties

Step 2.  Process for Propagation of
geostatistical data uncertainty
through mobility models for
Generation of Reliability-Based
Mobility Map.

Uncertainty Quantification Specification

Advanced Kriging for geo-statistically 
distributed parameters
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Verification and Validation (V&V)
• Based on formal US DoD V&V and Accreditation Standards

(5000.61)

• Maturity Scale Tailored to Ground Vehicle Mobility M&S

• Benchmark Vehicle Data sets: Tracked, Wheeled, CDT

• Benchmark Mobility Event List :

 Addressing Gaps in current mobility metrics for ground military
vehicles

 Land Capability Group/Land Engagement  linkage

 Highlighting

 Well validated 3D on-road vehicle performance metrics

 Development/V&V of Soft soil (Terramechanics) mobility M&S

 Template for future expansion

STO-TM-AVT-308 SLIDE 23



Benchmark Mobility Events 

• Steering Performance, including wall-to-wall turn radius in accordance with AVTP 03-30 [3], steady state

cornering per SAE J266 [4] and SAE J2181 [5], and double lanechange (paved and unpaved) with AVTP 03-160W [6] as a general 
guideline.

• Side Slope Stability with TOP 2-2-610 [7] as a general guideline, including maneuver on paved and

unpaved surfaces.

• Straight Line Acceleration based on TOP 2-2-602 [8] and Grade Climbing with TOP 2-2-610 [9]

as a general guideline, including paved and unpaved.

• Ride Quality outlined by TOP 1-1-014 [9]

• Obstacle Crossing, based on TOP 2-2-611 [10], including steps, gaps, and NRMM standard suite of

positive and negative trapezoids.

• Off-road trafficability including single and multi-pass soil strengths, drawbar pull in accordance

with TOP 2-2-604 [11] as a general guideline and motion resistance.

• Closed loop traverse including speed made good and fuel economy in partial agreement with AVTP

03-10 [12].

, including wall-to-wall turn radius in accordance with AVTP 03

lanechange (paved and unpaved) with AVTP 03

610 [7] as a general guideline, including maneuver on paved and 

based on TOP 2-2-602 [8] and Grade Climbing with TOP 2

-611 [10], including steps, gaps, and NRMM standard suite of 

including single and multi-pass soil strengths, drawbar pull in accordance 

604 [11] as a general guideline and motion resistance.

30 [3], steady state 

160W [6] as a general 

including speed made good and fuel economy in partial agreement with AVTP 

wall turn radius in accordance with AVTP 03-30 [3], steady state 

(paved and unpaved) with AVTP 03-160W [6] as a general 

610 [7] as a general guideline, including maneuver on paved and 

602 [8] and Grade Climbing with TOP 2

611 [10], including steps, gaps, and NRMM standard suite of 

pass soil strengths, drawbar pull in accordance 

610 [7] as a general guideline, including maneuver on paved and 610 [7] as a general guideline, including maneuver on paved and 

including speed made good and fuel economy in partial agreement with AVTP 

602 [8] and Grade Climbing with TOP 2

611 [10], including steps, gaps, and NRMM standard suite of 

pass soil strengths, drawbar pull in accordance 

2-610 [9] 

611 [10], including steps, gaps, and NRMM standard suite of 

pass soil strengths, drawbar pull in accordance 

including speed made good and fuel economy in partial agreement with AVTP 

602 [8] and Grade Climbing with TOP 2-2

611 [10], including steps, gaps, and NRMM standard suite of 

pass soil strengths, drawbar pull in accordance 
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NG-NRMM Benchmark Rating

Tracked Vehicle Benchmark Results 
on Hard Soil 

Tracked Vehicle Benchmark Results 
on Soft Soil 
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NG-NRMM M&S Capability Maturity Levels
1 DEMONSTRATION: Demonstration of a correct implementation of a

theoretically and conceptually consistent model.

2
PARAMETER SENSITIVITY DEMONSTRATION: Verification that
performance change with a change in system parameter such as GVW or
terrain deformability is consistent with theory and physics principles.

3 INDEPENDENT USER VERIFICATION: Independent user demonstration and
correlation to vendor results

4 CROSS CODE VERIFICATION: Cross verification with another accepted
mobility simulation code

5 CALIBRATION: Calibration to a real vehicle test data set

6 VALIDATION: Blind correlation to a real vehicle test data set

7 PARAMETER VARIATION VALIDATION: Blind correlation to a real
vehicle test data set with a change in system parameter(s).
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AMSP-06 Change Process
Mirroring process from AMSP-01 [3]:

a. Any member of the NG-NRMM modeling and simulation standards subgroup (NG-NRMM MS3)
(subcommittee formation is currently being proposed), as well as Task Group chairpersons or NG-NRMM
development group (currently AVT-248, evolving to AVT327) members, or NMSG may propose standards for
inclusion in, or removal from, this AMSP-06 document based on the scope of NG-NRMM outlined in sections 2-4.
Proposals will be submitted in the form of a completed profile consistent with AMSP-01, Annex A. Submissions
shall be sent to NMSG via e-mail msg@cso.nato.int.

b. The NG-NRMM MS3 votes on the inclusion of standards in the AMSP-06 by an audio or video
teleconference, face-to-face meeting, or email. If a standard receives a 75% vote for inclusion, it will be included. If
the 75% threshold is not met, a discussion period of two working weeks (with the exclusion of holidays) shall be
observed, followed by an email vote. If the 75% threshold is not met again, then the standard shall not be included.
Abstentions do not count in the percentage.

c. All email votes in step ‘b’ shall be held for a period of two calendar weeks.

d. All standards must be reviewed at least once every three years, and the NG-NRMM MS3 membership
shall vote for continued inclusion or modification using the voting procedures described in ‘b’ above

e. The process in steps ‘a’ to ‘d’ occurs on a continuing basis.

f. The AMSP-06 shall be reviewed in a period not to exceed two years and any changes made submitted
to the NMSG for approval. Upon the NMSG approval, the document shall be posted to the NMSG web site and
submitted to NATO Standardization Office (NSO) for promulgation.

g. Any other comments or proposals regarding AMSP-06 may be addressed via the points of contact or
directly to the secretary of NG-NRMM MS3
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AMSP-06 Change Log: Issues TBD
Reviewer Number Paragraph Comment Proposed Change

McCullough TA1-1 2.1, 2.2
If there are GIS processing tools specific to NG-NRMM process, we 
should list and describe them Add a section describing the NG-NRMM custom GIS tools

McCullough TA1-2 Attach 1

The MAPTBL format contains a large number of legacy NRMM 
parameters that have not been vetted for utility.  Is this a transition 
issue from the legacy NRMM?

Committee to schedule time to discuss the necessity of the legacy 
NRMM MAPTBL parameters to minimize the file size

McCullough TA2-1 Attach 4 Update Simple Terramechanics database with CDT data Update Simple Terramechanics database with CDT data

McCullough TA3-1 2.3.2
Update Entire Section with Complex Terramechanics unique 
requirements

Update Entire Section with Complex Terramechanics unique 
requirements

McCullough TA3-1 2.3.2
Consolidate benchmark suggestions into a Complex Terramechanics 
benchmark Attachment

Consolidate benchmark suggestions into a Complex Terramechanics 
benchmark Attachment

McCullough TA6-1 Attach 5 Populate with tracked vehicle and soil  input data Populate with vehicle and soil  input data

McCullough TA6-2 Attach 6 Populate with wheeled vehicle and soil  input data Populate with vehicle and soil  input data

McCullough TA6-3 Attach 7 Populate with CDT vehicle and soil  input data Populate with vehicle and soil  input data

Serban TA6-4 3.3.6
Refine slope climb event definition to account for standing start 
initial condition

Tentative: accept as stated based on real vehicle test operating 
procedure (TOP

McCullough TA6-5 3.3.4 3D terrain data RMS roughness definition is needed Use 3D terrain RMS roughness calculation method from CDT

Preston-Thomas TA2-2 Attach 4 Include rubber-soil and soil internal parameters separately

McCullough TA7-1 5.1 establish people and process for vetting proposed changes

McCullough TA7-2 all
CDT will have numerous lessons learned to be incorporated across all 
sections Incorporate all CDT lessons learned

McCullough TA7-2 all

CDT will have numerous lessons learned to be 

incorporated across all sections Incorporate all CDT lessons learned

Balling TA1-3 2.1.2

Input data format for local terrain geometry 

standards need to be discussed and codified TBD based on discussion: TIN, quads, etc

McCullough TA7-2 2.3.iii Nuke densometer depth of sensor for in-situ Suggest 30cm, open discussion

McCullough TA7-2 2.3.1.5.e.i shear ring normal loads

Operational level of Pmax not necessary;update 

per final conclusions

McCullough TA7-2 2.3.1.5

As part of calibration procedure Bevameters 

should be tested for repeatability in lab with 

known homogeneous soils

Add intial paragraph to this effect, with 

appropriate details on volume of sample, depth, 

etc based on platen sizes.
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NG NRMM STANREC Conclusions

• AMSP-06 is an enduring artifact and development path
for NATO nations mobility modelling methods,
benchmarks and source databases that should be
applied to physics based simulations of  all operational
land and amphibious mobility among the alliance.

• The initial release will occur in November 2018
• A new RTG, AVT327 will manage initial support
• An enduring forum and change process should be

established for codifying future changes to NG-NRMM
standards
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Backup

Technology
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Vehicle Design

Design Tools

Vehicle Acquisition

Decision ToolsOperational Decision Tools

Operational Planning

LEGEND Requirements Data

Current NRMM is a Set of FORTRAN Computer Codes 
and Standard Data Files
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NG-NRMM Will Be Standards
Not a Specific Computer Code

ide 

Next Generation NATO Reference 
Mobility Modeling Standards

Legacy Terrain Files and 
Updated Terrain Data Format

Mobility Metrics: 
Speed Made Good 
GO/NOGO
Reason Codes

Terramechanics Models & Db
Uncertainty Quantification
Autonomous Vehicles

V&V Maturity Scale and Benchmarks

Existing Standards (AVT, ITOPS,GIS, etc )

GIS Based Input and Output
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Flowchart from TA1 as reference
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ANNEX L – NG-NRMM STANDARD 
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