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Head Injury Criterion

_[ 1 z 25 - 1
HIC_I[Q—G L, G(t)dt) (¢, t,)me

t2-t1=15 msec
Skull fractures result from acceleration (G) and duration time (t)
A Review of Severity Index, SAE Technical Paper, 1971

[HNENNY
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11 11
Jeugofuagiog=g-y R=F Pe-guru fJrafin)

t, A, 2 Time [s] Score HIC
The HIC is calculated so that the waveform of Green 1.00 HIC < 650
“acceleration-time” is maximized within a maximum of 15 msec. Yellow 0.75 650 = HIC < 1000
Orange 0.50 1000 = HIC < 1350

HIC increases if waveform keeps high acceleration
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N=aFIAFITAFRPHICTRN
B#R: Predict HIC value based on Historical Data Using Machine
Learning Models.

Pedestrian Impact

35km/h~ y

Child 35kg
Adult 4.5kg

Vehicle Parameters For Building Predictive Models:

* Impactor Parameters: Mass, Velocity

* Hood Parameters: Length, Width, Angle

* Hood Outer Thickness,

* Hood Inner Thickness

* Hood Outer Material Parameters: Yield Stress, Ultimate
Stress, %Elongation

* Hood Inner Material Parameters: Yield Stress, Ultimate
Stress, %Elongation

* Clearance to Hood outer to hood inner for every impact
point

* Clearance between Hood inner to hard point for that
impact location.

Child 50°
Adult 65°

e Zonal Mass: Effective Hood stress wave circle radius:230 Head Performance Criteria (HPC)
mm f}ﬁﬂ HIC: 352.837 %
. . -?_, po T0: 60.6505 Resultant acceleration
» Cross Section Inertia Values Hood outer and Hood Inner(Ixx, | , Te: 75.6004 | | ——HPC

lyy, Ixy) Q )

CAE Responses To Predict:
9+ Head Injury Criteria (HIC) Value at each impact location ’ e
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&=

The goal of this solution is to reduce CAE safety process lead time by automating machine
learning based predictive analytics workflow using HW and Knowledge Studio applications

Current process Process improvement by predictive analysis

Target Setting

I Structure Design

The performance
of the structure is
to be validated
with CAE

Target Setting
Perform
prediction in
*Takes time to prepare a short time

simulation for quick Structure Design
Predictive Analytics workflow

Reduction of CAE
countermeasure time

Vehicle Test

Validation Complete Vehicle Test
12
Validation Complete 2\ ALTAIR




© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

HIC: Feature Extraction$&4iF2EY

. Knowledge Studio 202130
e, R
ﬁ N } FWQA BB < GBI ¢ ¢ E
Stangaione
& D/iciy'2021MNMICrash_Tean'HIC]
I — @ [HICPrediction] Showing 33 out of 83 recoras

5 closest_Hardparts_S0res

' PR de da  da  de aw N e e an dn mwa e dmic ams sws en
" L] closest Hardgarts S00xt M1 30125 i 500 1696 35 3 ms 17523 SOWSI62249253  13TDSSAI0NNC8  6O1NISI0RN12S | E0MT  9I06IMIINN 04 04 1 2 3 la s
Input Feature extraction £ closest Hardpurts S5res Il 3007 o 3 e s 35 TS 1STS2 SomSIGels  1BSEONE0S  60111SS0I4128  14B0M1 | 97069399999 04 o4 i 2 f s s
) closest Hordoarts 50t M35 30129 g 75 e 3s 3 ms 157523 SINSI62249253  137995825021608  E01NISA0524128 | M4EQ31  97.0693999999999 04 04 1 2 3 4 s
B closestfonerbood S0res 19 | 30301 g s ms 3 35 Tase 15723 59081649253 | 137O9SS2SON608  601ISNSOS4128 | 601 | 970693999999999 04 o ' 2 3 0 s
] closest immerhood_S0txt 50 30303 g 025 e 35 3 ms 157523 5905162249253 | 137995825021608  60111S290324128 | MB0341  97.0693999999999 04 o4 1 2 3 4 s
. B3 closest Janerbood €5.res 21 30305 chikd 5088 1ms 35 35 7282 157523 59905162249253  1379.95825021608  601.119290924128 | 1460341 970693999999999 04 04 1 2 3 4 s
* Impactor Parameters: Mass, Velocity 5] closest tmerbood S50xt W2 30307 s 098 e 3s 3 ms 157523 | SO90S162049253 | 137995025021608  GO1119290S04128 | 140341 | 970633999999999 04 o 1 2 3 4 s
. Hood Parameters: Length, Width, Angle §5 closest Outerhood_S0res 3| 30309 i 2 a3 3 ms 157523 5930516224253  137995825021608  60111S200524128 | 146Q31 | 97.0693999999999 04 04 1 2 3 4 s
c N ETT e TS 2 (e T e i ERET owa W o B mm msm sowsieaes | nmsssies nsseni | usse  sioessseesss 04 o R XS R (R
. . 3 closest Outerhood S5res Ml os™ 30313 g 1082 ms 38 3 msm ISTS23 SIR0S16243051  1379SSA2021608  6OVIISISOSDAI28 | A1 9061989999999 OA 04 1 2 3 4 s
* Hm Ouler Mm‘al Pal‘amelers, Hmd I"nef Ma‘E"aI ] closest Outerhood_65.txt 26 oS cnilg ° ms 3 35 ms 157523 59905162245253  1379.95825021608  €01.115290924128 1460341 970653999999999 04 o4 1 2 3 4 s
Parameters: B camet HC e ania 1092 ms 38 35 TSR 15752 SoMSIGNGN)  13TOSSSNS02NE08 6011105212 | 14E0M1  9TOENSNNNNNS 04 o4 1 2 3 4 s
. Clearance to Hood outer to hood inner for every impact €3 ExractHiMdPacameters ERED crio a2 s 3 ms 1STS23 | S990S162249253 | 1379SSAZI021608 | O1110250524128 | 14EOM1 9706399999999 04 o4 1 2 3 4 s
point PyicaCode EETY g a2 ma s 3 ms 157523 SIWSI624R0S3  1ISSSAIVANC08  EOLNSIORIZS | M0M1 STOEIMMINNNS 04 04 1 F 3 4 s
. . 30 30323 chig 4098 174 35 35 ms 157523 S9905162249253  137955825021608  601.119290924128 | 146.0341 9706399999999 04 04 1 2 3 4 s
. Clearance between Hood inner to hard point for that SRR g 083 ms 38 3 ms 1752 SOSIG4RAST | 13TISAIANG0  GOLIISINSIIZS | VAG0M1 | TOENBHINNY 04 04 ' 2 3 4 s
impact location. R 307 g 5025 me 35 35 ms2 157523 5990516224925)  137995825021608  6O11IS290924128 1460341 97.0693999999999 04 o4 1 2 3 4 s
- Zonal Mass: Effective Hood stress wave circle 33 30329 chid 6845 my 35 35 ms 157523 5990516249253  1379.95825021608  601.119290924128 | 1460341 97.0693999999999 04 04 1 2 3 4 S
. 34 30501 o 932 74 35 £ mse 157523 5990516249253  137995825021608  601.119290924128 | 1460341 97.0693999999999 04 o4 1 2 3 4 s
mdus'zw mm 35 30503 chiks 6054 1733 35 35 282 157523 59905162249253  1379.95825021608  601.119290924128 | 1460341 970693999999999 04 04 1 2 3 4 5
c Cross Section Ineria Values Hood outer and Hood % 30505 s 114 o 35 3 ms 157523 SOMSIG249253 | 1379SSI021600  GOLIIGSORAIZD | MAGOMT  STOGSINONSNNS 04 ] 1 2 3 4 s
I"ner(% m’ 37 30807 chid 24 7R 35 35 8 157523 59905162249253  1379.95825021608  601.119290924128 | 1460341 970693999999999 04 04 1 2 3 4 5
. More ) s s m s 35 Tase 1SS SeMSIGdIS) | 137OSSE2NNNG08  6011ISIONNIZS | 146041 | 970693999999999 04 o ' i 3 4 s
T 39 3051 chid ama ALELIE 1 35 ms 157523 s 162249253 137995825021608  601.119290924128 | 1460341 970693999999999 04 o4 1 2 3 4 S
@ o anug 1078 m s 35 T 1ssa soffSiGadsasy | 13799SAaSONNE08  GOLIISIONMIZS L4601 | 9T0691899999999 04 o4 ' f f 4 s
4 oms i ° s 3 TS ISTS2 SesSIGenSy | 1NTISENONG0S  60LISISONNIIS | 14E0NT | 9706889999999 04 o ' 2 f 4 s
2 o8 chig 1078 mmeoss 38 m 157523 59905162245253  1379.95825021608  €01.115250924128 1460341 9T0693999999999 04 04 1 2 3 4 s
(DY 30819 chid amne w3 38 ms 157523 5.9905162245253  1379.95825021608  601.115290524128 | 1460341 970693999999999 04 o4 1 2 3 4 s
x “ sosn s 308 m s 3 ms 157523 SOMSTE49263 | 13T9SSA2S021608  EOLINGISS21Z8 | 1AGOM1 | STOSIINOIINS  OA 04 1 2 3 s s
s oo o s 3 TS 1STSI | SONSIGMAs)  1ITRSSASOIAOE | EOLTISISOSMIZS |VAGOM1 | 9706339999999%9 04 04 ' 2 3 s s
s oszs iz sna o s 3 TS 1STSI | SowsIenssns) | 1ITRSSISONIGOR | COLIINSOMMIZS | AEOM1 | 9706539999999% 04 o ' 2 3 s s
Extract HM dataset_HIC CE anas w54 s 3 TS 15T SowSIendss | 137OSSSISONGS  GOLNISINNIZS | 1460M1 | 5706 |04 o ' 2 3 s s
CREE) anas w2 e s 3 TS 1SS SOSIEens)  1IRSSSONIAO8 | GOLIISISOMIZS | WECN1 | 9706 04 o ' 2 3 s s
Parameters s o o 94 D 35 Tase 15T sewsIeneensy | 1ISSRSNGNS | GOLIISIONNZS | M6OMI | 9I0enssems 04 o ' 2 3 4 s
S0 30703 ik 9198 6079 1747 35 35 ms 157523 59905162249253  1379.95825021608  601.119290924128 | 1460341 970693999999999 04 04 1 2 3 4 5
51 30705 chils L 5138 1746 35 35 ms 157523 59905162249253  1379.95825021608  601.119290924128 1460341 970693999999999 04 o4 1 2 3 4 5
2|00 aag w51 aus T 35 TaS2 1572 SIOSIGuMI3 | 13TOSSEINONNGON  GO11ISISOIMIZS | 1460341 | 970693999999999 04 o4 ' 2 3 0 s
. 5 |30 i 38 2 s 3 35 TSR 1572 SeSIG;dnsy | 137OSSSIN2IG08  6011ISISONNIZS | 146041 | 970693999999999 04 o ' 2 3 0 s
H erWorks Data Prep 5 s ona ws  am e s B s isn sowsiees sl essens s 0 o4 B S S R
yp Data Prep @ iota e = = = 1= 5w e e mmew e— P 5

S‘( 30718 child a3 0 1752 38 35 7282 157523 5.9905162249253  1379.95825021608  601.119290924128 | 1460341 970693999999999 04 04 1 2 3 4 s "'

. Automated data query

Overview Report | Dataset Chart [B8ta| Segment Viewer | Cross Tabs | Characterstic Anslysis | Correlations | Saved Charts
it i . — ks L

Z Knowledge Studio  Predictive analytics

14 J\ ALTAIR
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HIC Data Extraction Demo

22021 NI Crash_TeamHIQ
IHIC Predicticnl

Knowledge Studio 2021.3.0

Recent Working Directories
Djoj

\202 \MNM\Crash_Team\HIC_PredictionTool\KSReleaseDemoNov29

2

MNM\Crash_Team\HIC_PredictionTool\KSReleaseDemoNov26

\2021\MNM\Crash_Team\HIC_PredictionTool\KSReleaseDemoNov19

\202 T\MNM\Crash_Team\HIC_PredictionTool\KSReleaseDemo

D:Ajojy\202 T\MNM\Crash_Team\HIC_PredictionTool\KSDir

New Project
Create a New Project

Getting Started
Help
Tutorial

User Community

2 Display
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Feature Extraction - Data Exploration = Data Modelling = Deployment

Multicollinearity  Variable Selection
Analysis

Data_1_4_VS1_Out1_XGB

o -

Data_] 4.2

E: alanced_out —I
@)

Python Code .@_1.4.v2_ MPP
Measure of Predictive power

-
-

Add?essing skewness in HIC for data_4 by adding synthetic data, )

1841189, h < 20%; 1481188 have error < 10%.
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Deployment | Consuming the Knowledge Studio ML model

Dats_vmpon Dats fggregaon Modeling M| XGao0st om| XGRCas 00 5. mi 10 3w +

Uttt - Poypeestn 601 2 - Rl h adens D21 Favmmat) L] o
P 0 Vi ot sty M Gt b, Pt I S ok Amgin ot 7 ke Ao ol
- ol @S % 2 868 00 LFEANSER T Gad O O vnla
e - 10 5P H9 50 50 6P v i
—import numpy 23 np. n -
limport pickie Wtk Bemson  Comwene  Wate  Dwiy S Predenes Anatvios Towt X Untitled
Scorng "
R G G s o
gt T s
core = DML tes MatheTaDatatramerdnecton, sl sxcept 41 -
s o o
G2, €1, C2, FT, F2, F¥, F4, S2A, 'SIB, 'S2C, 'S20, SIE, 'SaF] -
- . : R L S == |
B e
i ' v e
i spen HCl encept 4 1GE1mode b, 1 55 Jeme " o~
‘g model = pacide loadTp| Tomt Cme ¥ L ®
A LANCHPLANGELS Orimpate = pickie 0AGTR) d
e
exceptices Sl ncept g xGes Cut i spenca Lo
- resdes L surfaces e ok e . Geom
node edt e et werface ect sobd edt *age eat "
e T ——
e noces. lengen Selemare it point ede b
Otance aduariace amodesny b -]
powrts Bmeranning Aradpan
Took
Pou

o AutoPytoExe Help Post Ne ’ H Ly - SRR . 5 mtabirfan Smatit . Sl \Svatian M \iamtiatisg -

Language: [ Engish v
Script Location

C Users/BrentDowniosda/my_oython._scrot oy
Onefile ones s —onetier

Console Window i-conscie/ —windowed

Lsoali  [dglimizaten 1
Vararme: [opl|
lcon cicon SR

T )
Additional Files s

( RsaFies [T (T ] .
ST ——— E] Prescriptive Analytics Optimization

Be careful when using additional files with onefile mode; ré 3nd upaate your code
to work with Pyinstalier

iy 4l Sl 5 oot e ot s P (Y the oo *KS-HST
Advanced |ntegrat|0n
Settings : * Global/Local

Optimization

17 - Single/Multi Obj J\ ALTAIR




Altair IS IE)Zs R, EBT=0%

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

1989 1990’s 2000’s 2010’s
O O O O T I
Datawatch Monarch, Panopticon Panopticon
iRt Knowledge Studio, -2 Stream B
LLt: 30 AYA Knowledge Seeker 2020’s
&t Altairl§giig —~
Datawatch N\
i 1
1985 1990°’s 2000’s 2010’s
O O O O (FEDHTS
Altair « OptiStruct fE1994FF53X « WMPBS—EENASAKIS  AfsiInspireflISimSolid,
B%3Z “Technology of the Year” MG R G SR TEMHRITRIFERAR
* HyperMesh&#f, 30f&HE o MSRYRSNLISEEY
R IBEE HyperWorks Units &%
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AltairBER R R : HRZIKHER

O O O O O
D N ) 1 1
SRR N SESWD  TREEER U
SURIER RS SRR
Monarch Knowledge Studio & WPS Panopticon
HiEatE R Megx> HIERE HIREE
5T R HiExE SCRY T
HEER

= 2 &% cﬁ) X

]

SRR ;&?E,aﬂ loT %% i G/
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Altair ZES =i

Monarch WPS Analytics Knowledge Studio Panopticon

SER, EEE g TS, 1585 -
A (TFSASIES AR SERY, SRAURATL

) i 9. ':D:' %&’
iAW, SHEIREN
AR SEREN fEfE. RIEEESAN REZHIEAL R FAZRGI wZLF, EEZAE HIBRESER
/’_\ 0 [\
G & ‘ {‘7 \O)
= Ly~ A
mEmE—fie R TR WS, EARAVIRIFHELR BEIERFRSE ST
27 814 14,000% FRYEE FRRTIZ IDEHNTR HIFAYSCRISUERTAIL
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Altair Knowledge Studio & WPS

MIBRFIMNEERFES

B
O<A

HiEiEE AIHLEER *ﬁiﬁi‘ih FhEERE

- ISR - RTERMERE: - Fidspaidki gy - BEERERSHA
B, HITXT, XLS. HiEng, wuinE. | G l ©@ES, 0 Python,
Hadoop R . SEANIEES: T SAS. R. JavaZ

- RESUEEEIRE, - Tl ER TR ¥ - RBEABEEESE
P ERFRIHIRT Sy BR%

RIREE - BEUEREERE
.« AL, 75
BEFHE
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import Nearestheighbors

X = np.array([{-1, -2], [-2, -2], [-3, -5}, [
model = Nearestheighbors(n_neighbors=2, algo:
distances, indices = model.kneighbors([[@,

» 1), [2, 2), [&,

tha="ball_tree').fit(X)

Train DecisionTree Train DecisionTree ..

Train_DecisionT? LogisticRegre (C=1.9, class_ , dualefalse, fit_interceptaTrue,
intercept_scaling=1, max_iter=100, multi_class='ov
penalty='12', random_stateshone, solver=’liblinear’,
verbose=@, warm_start-False)

t(model. coef_)

.36284928 -0.09783526]]

print(model.intercept_)

[ ©.28002799]

model.predict([[3,3]])
array([e])

Decision Tree Model

Model
Valigaton

“Train_LogR1 Validation
SVM
from sklearn.svm import SWC
import numpy as np

Log Regression Model

y = np.array({1,
model = SVC()
model. fit(X,y)

SVC(C=1.0, cache_size=200, cl

decision_function_shape

_weight=None, coef@s0.0,
e, degrees3, gammas'suto’, kernels'rbf’,
False, random_statesMone, shrinkingsTrue,

R IUL. THRERRML. ERAEES FIpAE. 7T IR

23 /\ ALTAIR
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MRS

- RE2TEREIARE, FFFERIA

(&) (8] (] [a]) (=] [&] .

Deasnon Strategy AutoML Bagging Boosting Cluster
© RRW

Analysis
III' III' III' .II' III' lll' R S

Constrained Llnear Loglst-c Market

Regression Leamlng Analysns Reg . %’E@ UH

PEEEE® -

oS
Model PLS Principal R Reject . B
Stacking  Regression ~ Component e BL*”J?F?F*}F
Analysis ) . .
. . . . . . . . ag g ¥ g %g
* Boosting
Scorecard Scorecard ARIMA
Editor Forecasting Forecashng = e
Decomposmon Leammg ° Iﬂ%}g%g
- . . . R
Sklearn Sklearn Sldeam Survival
GLM  Novelty & Outlier Analysis
Detactor

2\ ALTAIR
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B&itNgEE%> (AutoML)

EEMEWRFEIRE, SHFSFMEREE
FFEEALIE, RO, BB, BRELEEEIT

Settings a

Variable Selection | Data Preprocessing | Feature Engineering Modeliig |

I Becelonze ® O |GridSearch
[ Bagging ® O | Grid Search
[ Boosting ® O |Grdsearn]
{4 Deep Learning ® O | Grid Search

[] Regression

Random Forest

[] rReguiarization

[] Model Stacking

J\ ALTAIR
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sz§FPythonfCESERA

«  ALAfEpythonTT RPRES, ZiFupyter notebook
*  PythonTRAJWERA TYERH

«  3ZEFMAPythonTI RUABERT

Code Name: Fraud_DTree_Python Sources:

Editor

Dataset Type Fieids | Rows
-
o Clasm _Tramu Liele} 29 10T
from pandas import DataFrame el

import datetime

class TreeModel:

Claim_Training Fraud_DTree_Python Claim_TrainingRES
" [ rargets:

Name
e — Partition
tict(Make, | jypyter Notebook

Af BasePolicy | S Mo wo——y

i Faute o — Claim_Validation

retarn
Hoteaook Co\Aitair KS Projects 4\Claim) Default ipynb

if Fault =
Apply Cancel

< |
PY Fun Conscle , : Losd Case

27 /\ ALTAIR
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ZIFEENBSH

B x¥F:. Python, PMML, R, LOS, Java, SQL%Z

. e
from numbers import Number

from scipy.stats import norm

from pandas import Timestamp, Timedeita
import datetime

def foNullivaluer
if isinstance{value, Number) and isnanvalue}
value = None
elif value._class_._name_ == NaTType:
value = None
retum value

Code Generation | Model summary
'# Dependent variables
= Response]
'# independent variables
# [age] -> age
Target Name: Census-Training_DecisionTree_22Nov_C e s
= fnivwgt] -> flw
|# feducation] -> education
@ (marital-status) -> marital_status
Base Model: Census-Training_DecisionTree_22Nov = foccupation] -> occupation
|# [reiationship] -> relationship
» fsex -> sex
-

Mours-per-week] -> hours_per_week
Code Type: capital-loss] -> capital_loss
inum-products] -> num_products
# [capital-gain] -> capital_gain
English Text import Census

Generic def getPrediction(row):
Java # Section 1 Normalization and missing value substitution

LOS _lgnore = Faise

AL # Normalization for age
Car on age = faNullirowf ag

if age is None:
ge = 37

PSS f age == float{-inf) or age == float(inf
saL _ignore = True
SQL Function age=0
SQL Select T age = (age - 36.74133543915065) / 13.897361871139951

# Normalization for workdass
workclass = fixNullirow{ workdass )
f worklass == ‘Federal-gov
workdass_1 = 1
else:
workdass_1 = 0
f workdlass == ‘Local-gov
workdass_2 = 1
else:
= . 2 workdass_2 = 0
Train_DL1_Python L f workdass == ‘Never-worked:
workdass 3 = 1
else

28 /\ ALTAIR



RIR(ERZED
¢ AR, BRI, R

Bt/ [ERR : TNTEEFEHR < BRI RAUE TRIHBEUA S VG4k
ZIFRIETHIRE—MENRR TR EAEL.

RIR(ERE (RUL) B—al SRR Ea B RIRRERIE
1TRYBTIAEL.

NN ERME BRI ERRIEIE AT IR X ZI N EH ISR

29

Equipment Condition
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Equipment Deterioration Profile

e Current Condition

\\ Failure Condition

Remaining Useful Life \

Time
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RIAERE, PEIRE, EfFRE

SYSTEM DATA

SIMILARITY
MODELS

DEGRADATION
MODELS

SURVIVAL
MODELS

Large data ) DWn log Cumulative Lif
1 hones degrodatior domags
HASH PAIRWISE RESIDUAL LINEAR EXPONENTIAL RELIABILITY COVARIATE
SIMILARITY SIMILARITY SIMILARITY DEGRADATION DEGRADATION SURVIVAL SURVIVAL
MODEL MODEL MODEL MODEL MODEL MODEL MODEL

L | Similarity based RUL Estimate ~ 65 cycles

Degradation based RUL Estimate ~ 9.5 days 4 Survival Function Plot
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Prediction summary on Test Data

Engine Current Actual RUL Predicted RUL
No. Cycle (cycles) (cycles)
3 119 30 33

6 58 163 166
21 38 166 161
135 120 65 74
31 J\ ALTAIR

216 53 136 136
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Training Data Regression Model to Calculate RUL using predicted
for Battery 5 predict the battey capacity battery capacity and cycle number

Text mport 80006 _Battery Model WLEstmationval Pythan Code Batterys RUL
Vali
Test Dataset Calculate RUL using predicted
Battery 6 = battary capacity and cycle number

on test data set

Threshold Value = 1.35

Parameter Values

Actual RUL 43
Prediction RUL 33
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