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Development of 2025 Model GIGA
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Abstract

2025 Model GIGA was developed on the basis of the product competitiveness established by 2023 Model GIGA.
It addresses key challenges facing the logistics industry, including growing safety requirements, driver shortages
and workload reduction, improved transport efficiency and vehicle uptime, and compliance with evolving
regulations. This paper provides an overview of the development background and concept of 2025 Model GIGA,

as well as its major technical and product improvements.
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Overview of the Exterior Design of 2025 Model GIGA
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Abstract

The 2025 Model GIGA features a redesigned front face that enhances visual appeal and reinforces the ISUZU
brand identity. Based on the design theme “THE ULTIMATE," the exterior styling pursues a commanding presence
and refinement befitting ISUZU’s flagship commercial vehicle. This paper introduces the design concept and key

styling elements of the 2025 Model GIGA.
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Development of Loose Wheel Alarm System for 2025 Model GIGA
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Abstract

To reduce wheel separation incidents, a Loose Wheel Alarm System was developed for 2025 Model GIGA.
The system calculates wheel rotational characteristics from rear wheel speed sensor signals and compares
them with values learned under properly tightened conditions. It detects changes caused by rear wheel-nut
loosening and alerts the driver. This paper outlines the detection principle, system configuration, decision logic,

and evaluation results.
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Advanced Safety Functions in 2025 Model GIGA
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Abstract

Fatal truck accidents frequently involve critical scenarios such as right- and left-turn maneuvers at intersections,
left-turn side-swipe accidents involving vulnerable road users, and side collisions during lane changes on highways.
To reduce these types of accidents, which are difficult to address with conventional technologies, this study
developed three advanced safety functions: Intersection AEB based on turning-trajectory prediction, a left-turn
side-collision mitigation braking function using dynamic risk assessment, and a side-collision mitigation function
that considers driver intent. These technologies contribute to improved safety performance in heavy-duty

commercial vehicles.
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Product Overview of 2025 Model FORWARD
— Development of 4JZ1 and ISIM Equipped Models Using I-MACS —
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Abstract

For the 2025 Model FORWARD, regulatory compliance, advanced safety systems, and body application lineups
were enhanced. In addition, the 4JZ1 engine and 9-speed AMT “ISIM” were introduced to major low-power FORWARD
models. Powertrain downsizing and vehicle optimization improved fuel economy, payload capacity, and body-
mounting flexibility, while ISIM maintained the driving performance required for this vehicle class and enhanced
ease of driving. This paper describes the product features and development approach based on modular design.
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Abstract

The 4HK1 engine installed in 2025 Model FORWARD was developed to ensure regulatory compliance and
improve driving performance, fuel economy, emissions performance, noise performance, and serviceability while
maintaining the reliability of the previous engine. In this development, the turbocharging system, combustion
system, exhaust aftertreatment system, and control strategies were optimized. As a result, torque in the frequently
used operating range was increased, and the engine speed at maximum power was reduced. In addition, weight
reduction and improved serviceability were achieved by rationalizing the component configuration and optimizing

the layout. This article presents an overview of the development and the key technologies applied.

1 [FUSIC

RE, BREZINDEREBEFIRECELLTL
%, BEHEA R, BRE. BEICET BERFI DI
Mz, Yao4N\—tFa2 V574, VI T77VT
TF—hRUBKHEESEETE=Y > JEE. INT—k~
LA T2BERIFELABELLTVWS, F£z.
R NS WO Tl G, MRAERUBEEMEICH
Z. ERETRLDTLEDMECBEED EEE
EGERENHEEDOITUVS,

5B T AT —RIEEEHITHA4HKI I VDV (F. ™
B CERVWEHEZS CER/RBI IV ENR—XI(Z,
INESDERICHIST B2, TUIUHRIE, 1B
SRT L HERARERIES 2T LARUSIES 2T
Lzgi#Eib Uz, I, BREHASDNILIE L.
R HRERGTREDERL. MEMEDH L.

AR MEEDZ IR UBESEMEDB L5 EHIE
BEUTHEZESDT.

AR TIE 258 T 4T — RB4HKIIZ > > DR
FOBW., TVIUMBRUEERMICOVTREN
EER

2 IVIUVHEE

2587 AT — RR4AHKTI I > D (& 177kWAEER
RUMSAKWA R ZRE LT BRBKIFMRT T >
DUEEL DD MBI, Btk BEEAXR
BB X T LR UBIHMI R ERBIL L. BRI IG
CERMERLEER >z, EBEHETERIICTT,

*PTRAmEB - 3RETE=8 I IEERE

Copyright© 2026 1SUZU MOTORS LIMITED.
All Rights Reserved. fRiT#nE; - 55 - BoAZRLE

***PTRERSE —ED

_24_

*AHPTRERSE — 8D

LT SR 1385(2026)



2587 ) — RDAHKI IV I VREIZDWT

®1 EEFET

177kWHERR TlEFREE 7 Z177kW/2,150rpm.
BRANILDZ785NmM/1,600rpmE L. 154kWAL#R
TlrHREE N ZE154kW/2,000rpm,. RANILD Z
737Nm/1,300rpm& LUTze W NDERkIZH LT
5. ERETEVWNLIZRGESER & T, PR
EZw o ELTRULDTLEIIFEHEEEIR U

AR TE. BEAERICEISTBRI AT LEE
BY—RFv—IviBRETBIET. BREBHRD
BB RUHAERDEROR LZR > 2,

3 EiEE

3.1 EhHisE
ENAOMEETIE. TIB CERBEDS WME - AR,
TO/RWPI A LEEZENE LT, MULIEFEER
Bl U7z. AR TIE 258N MEEEB L TL
=E00. mEET. EREETRUBESEFOR
ENRICEWVT., BEDMEEA EASKRH SN T LV,
ZITHRBETIE. I—RFv—Ivittk. HA
7074 —IILRUBRAIESHIHZ &REL U, {EFRE
MomWNILIZRET D85S Lz, 2NI2ED.
BRANLI(F177kWAEERT785NmM. 154kWALHT
737NmZER LTz, /2. RBHARELERE
ZERILT BT ERETRHOI S > OERR
EZH L. REMERUESHEDELEICHEE
Lfze - ML ZERETICRT,

_25_

E1 &H - BLOEE

3.2 BRI AT LA

B ~LD EEMEEDE EEMILT 5726, 1B
MY ZATACFEFHHABREITEZERER S —R
Fy—IvZzERA L. REIOGH DL TIF2ER
BT AT LERBLTUWED. AR TIIDES
BN ZEERY —RF v —I v THRLEZ. 2N
[ZRD. BORKRICESTBIRT X T LAZTBERIER
~NFE— LTz 9 —RAFDOBEZELHEBTEED
TR TFA5%DEENNZEZER LTze Y —RF v —
T DR ZEE2(2RT,

fERT 2EBIRI-RFr—v 258 HENBRI-—RFr—v

F2 feriftikE25BDBIES T LB ELER
(SHAiER)

iR L. A>Ty O M) ALRUE
BRRZERBELLL. BEIRE - BEDLLEEOR
MEBMERILEmMI Lz, —A. BIRRBEILITHEDS
BHFBEDERTIHABI SN, RHEIDSHERE
(CRZAT. ZEMNTHICLBDHEIDEHUIMNITZHRBL
feo THUTKD. BHERFRERIRL. MEEC R
&M LTz,

REBIDVG(IERER : Variable Geometry)/ X

LT SR 1385(2026)



2587 ) — RDAHKI IV I VREIZDWT

JVIEBEHERERDIRTH > FHEERT
(FF v/ FRERB L. ZNIZELD. REB[LE
BOMEZSSH. ML RUREEEEOR LICH
Lze A2 T7LWHEBERUVG/ XILORIRZE3
(2T,

E3 25B0Ia>TLyHRBRHEEVG/ XL

3.3 MAEERE

MEMEECDOVTIE. BMREERICELSI D
BEMR L. COHEEERIC XD REBRIERK
U2025F EEEHREEXEJH255BRE) N DX T
DERNS. BEEGHERETCH D, 4AHKIZT VD
VEHSER T2025FEEEEMEBEEETIZEMR L.
FEHUT(F. REEEERZXI105%BULEEZRRL
2o ABEET(E. EWERUAHALTAOT v —ILDOR
BV (T —RF v —I v OBMNREEFTOELE
Bz, IV ERNIBFIEZ7HE L TRBEIE
L7ze SNUCTED. HEHEAXMREERIRL DD, i
LVEEREI TR EERZ(ER Lz (BE4), 2. &’
RigHoSmWNILIERESEEZET. ERET
BFICERUVWFVERZERLYTLFEE Lz, 2N
KD IIUEERREENFIL. ERREOH L
CHFE5 L%,

E4 ftrl & DMFHERYY TI2H1B
{ERAER PRI D L8R

_26_

3.4 HiEH REEE

BER A RMBET(E. JERBEEICINZ. HIHERR
BIZT 2O/ MERERZBBE LT, BRIGEHIE.
EGR(HEHE S X BEIR . Exhaust Gas Recirculation)
SR OBUIEH HERBE Uz, PENS VD,
EHEE. A5UR. ETRERVET/NG —2HSIE
(DD 7z6. TRIEWMERFEMICES W THEE A XM
BEELZESBBZENEETH D,

AEIETIE. BRIEICHIFENOHLMREIZEN
BZRESCREEZIRAT D EEHIC. REBEEHIME
B U, T, fiEsEDm EIcEhE TH
BREZRBILL. BUWES T LDEELERND
oo THUZTED. BEHAOREREDER EEEERZE
[IAYA Oy /=

B(Z. EGRAEHRUDPDBEHIHEICETILR—X
FIEZBEA L. BEFEFOEEPERESDOETN
IRBHEO/NIANMEDE EENMD 7z, Mz REIC
N IS

3.5 EGRRUDPDB4£FIHDREIL

HEE A X MREDZE(L. DPDBAERIHORE/L KX
U'RlEBEEDMELZBEWE LT, EGRFIER U
DPDE4AHIMICETILA—ZHEHZERA LTz,

EGREIEITIE. IRHEKREDREEZTT/LLL.
BiZEGRE(CH T 2FHBERVULDEHEZR LSE
oo F2. BHREZHOEIALPBRIEISDEICLD
EGREDZEHZMHIT B T, BEBGIFEZSD
A R BEDZ L ZR D 1=,

DPDEBXEFIH TlE. DPDA® T I (Soot)HEFE K&
U ahZ= 7 I)LL Lizs SootEFTILIZED.
DPDAMDSootMiEER UBEFDBRIEE ZHE L.
BEA Y- /NLRUBEREZRBELL L. N
[ZED . SootfiEE (D U= BEHHA TEE 5D .
BEMEEHIFULGN SBERBZEELT S &
T. BEICHSBREZZONHIICE S L.

F7z. DPDBERKORESMIC(F. DOC(Tr —
TILEE{L ALK : Diesel Oxidation Catalyst) iR
EIiLEEETI)ILLEDOCEZETILEFR LT,
DOCEZETILClE. DOCAOEREEBZERED
SBECREBEGHREZEH L. BAENEZREIL
I B, mEVHIREEEDYIEE(CE TV THIME
I578. BEREFECRERFOZILICHLTES
WANZIMEZBT S, ZNICED. ERFIEHER
ZOBEMEEMIELGN S, BEREHHOBES
THEZEH30%5EMm LTz,

LT SR 1385(2026)



2587 ) — RDAHKI IV I VREIZDWT

3.6 BEE1HE

EEMEETE. EAREEMABIR51-03 Phase3ND
XWISIZMZ. HEETFORSRENERUVER
BB DO RS /\—DBEEFRZEMNE LT, E
TEDI > > OERREERE RREES DG =
Moz, FEINS WL, BRER. mEBRUE
EER G ERLWVRE TERSNS 6. ERE
BRITTEL, REARBORSEAEERLHHE
KTHB

ARAFETIE. RaENERELGREZERILT S
ZECED, EFEBOIYEEREEER L,
Fe. BNEFFIEEZRELL. BEENDEICE
R 2ESOMHZR >z, ZNIZEKD. MR
ETRFOBENBRSERICMNZ. RBETH TCORS
HEENECHTE L,

—AT. PCV(U S04 — Z&H)HES | Positive
Crankcase Ventilation)> XFLDL A 7 REE
(W, I EEOBEEN/N—ZFELIEUTZ728.
EEEEEE T ICRBBEEEEANDEENBESNZ,
L. AN RAN—D) TRIRERELL T
MtEEEH32ET. RACERT 2EEOEREE
WHERIL7Ze SNICTED. BDEGRESUHEZHEL.
BEABERHIR51-03 Phase3INDW G BEHT >
IUBKREELANILVERR LU, N RN
%] £ L P =

E5 fEFIEDANY RAIN—RARDELE:

3.7 ETIAR-RAEFREER L ARER
REFETE. HEEROSE CRAEMBEREE
WILY 278, EXAERRUY —RFvr—v
AROBE(CETIN—REFREER L.
FERDOEEEHIEZ 0 & LIEAREE TlE. EK
MREDZECHL. FHEXNR &4 2 ERIEMRU
MBI HAMEMT BIEEICH DTz £ 2T AL
Bfa. BEEAX MERUBAIEEZNLETFAL.
SREEHE (SIS IR ER DIAAT,

_27_

EX S AERRIZDOWTIE. 8RR, SR AZARY
BREMENDEEZER L. BRMAKRZLERL
Fe. Y—RFv—IJvERICDOVTIE BRNL
7. BRRE. BRBERUBHARXMED/NZT VX%
ZRLUTEEL.

ZHIZKD . EHEERBR UEHE T =16 LD
5. BE4EZHET AR WERNITEE L.

3.8 B2t
BREEAIY Y TR, MEBMEERUTEBILOR
. EEEREORREOBESHN SEBINEETH
Bo BBIZHRE RSy o TlE. SEESSOHER N M
BB (TR 2T LERAEMAL T 5— 5T B
HEBOEMENHT 5 EHRHENS,
FEHETE. TYIVAE BRYZTLRUE
WIBS 2T LESFE(C. BREROSEL. HHE
BERUMRBRBILESRE L, T+ -2V
TA—IURT(E. TEME BN DM ERA L.
CAERRMIZ &£ D IS AR L7 S X TR
AR LE. TNICED. BEGMRMERSL
A5 2.5kg DBREALEZR, L T2

Bz, SBROBWERVEREERRL DD, B
BLEEEHALFETET. 154kWHRTIET
> YUY RUBRIES 2T L2 E THATEA28kgD
BRAERRUE, TNCED. REMERUTER
HOBLEIZES5 L,

3.9 miIZREEDHE

MISREMEC DOV TIE. HROBEREN SRS
MY —EXEFIEFEL . RBIT D VICHT Be0E
EEZME L. ZORBRZHBRFEZ. BREENS
MEETHANOEENKREUAY RA/N— T1—
TILT7 IV RUPCVI AT LERRIZ, LA
~OBRRKRUBBRBHROEIELERME L T,

ANy RAN=BREEICDOVWTIE. EAICEBSN
TZEGRY —ZICED TEEEIR—IHPBRSN. B
ERFICABROBRDODANUARBETH D, KRAKT
(F. EGRU — S DA EIMBEE M L D D2BREHRN
S1BBHRANZEE L. N\ RAON—FAIDOIEEINR—
AR UTze ZNUZKD. EGRT—ZDEDHAL
EREBEEL. FEIHRDERICES L. NV R
IN—EBL A7 ~DLERER6(ZRT,

LT SR 1385(2026)



2587 ) — RDAHKI IV I VREIZDWT

<fiERi> <25%8>
EGRY=5@)
0o 00 e = 00 00 0O
) @/ EGRI-5@ o o
i - ;o 0O 0 O
TR AR

OrIaar-28 @ IBAR-ZBL

E6 HRIEDAY FAN—FBLA 7 DLLE

TaA—=TIL7 1 ILYZDNTIE FEBDEE R R—
2N RSN, BBIELICERHEEL UL\, AR
TlE. RESARUBEISBROEBEZHE{LL. ©
BAEEIR—RZEER LTz, EHREIFOIEEM
ZREL. MB CORBEERERICES Lz, 71—
TILT7 A IIVIEBLA 7 DR ERTIZRT,

H7 #®EEDTa—IILT1ILYRED
L1777 ~DOLEE

PCV X T AIZDWTIF, RBIONAEBEEZT 1LY
AXHOS. ANy RAON—BEHA /I OIARNEE
L7z. PCVESREZEAY RAO/N—ICERNT B ET.
NEBEZ= T IILIRUVERR—IBEELREE L. B
P@mE22HHIR LU=, 2. 7 I\ TS ARDIXRE
CEDTAIIRBEREE L. PCVIRATLDA
OTFIRTU—ERBLE, INIckD. 11—
HYOA DT REBEBORBHERCTE L
PCVI AT LA DB ZE8(ZR T,

E8 #itAIEDMPCVI R T LBRDLLER

_28_

4 HBDHOHIC

AR TlEF. 2587 T — RABAHKI T > > DR
FEMECDOVWTRBN LT

25807 4 — RE4AHK1I T > > TlE. 20104
MASR15FED EEBIT I /\— RO T 7 RUHIH
S RTLDKIEERIFTZEEEL 2. ABEETIE. #
BT TESEBEEZMA LGNS, AR
DA, ENAMERE. REMRE. HEETXMRE. &
URSMEDELEEND EEH(C. BEERUTIS
BliEMEDOREEREL T,
AKIDIUTlE REBMRE. ETHRERUELD
TEEHRENCHS. BEEBEITKROOSNDERIEREE
ERADELEER >z, RBEEOBREN. INET
U ECHERD &S [CEET 52 & ZHRFIT 5,
HEE A R MRER UIRBEMEECN T 2 EKIFE. S8
EF—EBaFs2EPFHINE, CNSDOERICIE
Z371=6. mIBEHSEESNZERZERBEFR AR
L. RERIT > >0ELEZEmABLECEIFR
fiBEREMmE LT <,

REIC. ABEROHEICHZD . BKES TXHIE.
CHHEBG O TEHANDBERERMLITE BHDOR
ERI B,

LT SR 1385(2026)



268 TI)LH - TILHZADRFEICDOWLT

Development of 2026 Model ERGA and ERGAmio
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Abstract

In recent years, public transportation has faced increasing demands for reducing environmental impact,
preventing traffic accidents, and addressing the shortage of bus drivers. In addition to complying with the latest
regulations, 2026 Model ERGA and ERGAmio underwent the largest product enhancement since their full model
change in 2015 to address these social demands. This paper presents an overview of the development of 2026

Model ERGA and ERGAmio.
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Overview of the Development of 2026 Model ERGA FCV
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Abstract

ERGA FCV is a large fuel-cell transit bus jointly developed with Toyota Motor Corporation to meet national and
societal demands for the realization of a hydrogen society. Based on ERGA EV, the vehicle retains key features such
as a fully flat, low-floor layout, in-axle motors, and high durability, while newly incorporating a fuel cell system.
Compared with ERGA EV, it significantly reduces refueling time and extends driving range. This article provides an

overview of the development objectives of ERGA FCV.
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FC System of 2026 Model ERGA FCV

KEF KA MR & Al R B8 aS VN = S

Taiki Nagano Toshiya Matsuki Ryou Ishida Yuuma Takahashi Tomomi Matsuzaki
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Abstract

The ERGA FCV is based on the ERGA EV and is equipped with a fuel cell system that generates electricity using
hydrogen as its fuel. This configuration achieves zero CO, emissions during operation while ensuring both sufficient
driving range and short energy replenishment time. This paper presents the FC system configuration required to

realize these characteristics, as well as the key control technologies developed for vehicle integration.
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Introduction to Connected Uptime Support Services
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Abstract

Since launching the “Mimamori-kun Online Service” in 2004, ISUZU has continuously enhanced its uptime
support services, including fleet management services and failure prediction functions through the advanced
genuine maintenance service "PREISM.” Recently, these services have been expanded by utilizing connected
technologies to support not only vehicles but also body equipment and electric vehicles. This paper introduces the
latest connected uptime support services, focusing on failure prediction, connected body equipment, and EVision.
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Abstract

In Euro 7, the regulated particle size range of PN will be expanded from particles larger than 23 nm to those
larger than 10 nm. This paper summarizes PN10 emission behavior in a diesel engine aftertreatment system
assumed for Euro 7. PN10 emissions increased when urea water was injected downstream of the CSF and during
PM oxidation in DPF regeneration. The results also indicate that exhaust gas flow rate is a dominant factor during

DPF regeneration.
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Gear Structure Optimization of Diesel Engines Using Generative Design
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Abstract

Generative design is an artificial intelligence technology that generates design candidates from criteria defined
by the engineer. It was applied to a diesel engine gear structure to resolve the trade-off between gear noise
reduction and friction reduction. Sensitivity studies using a gear train CAE model validated the input conditions. A
prototype selected from the generated designs was evaluated in an engine test, and achieved noise performance

equivalent to conventional parts without worsening friction.
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Engine type Water-cooled 4 cyle DI-diesel engine

Number of cylinders | In-line 4 cylinders

Total displacement |2,999cm3

95.4 X104.9mm
430Nm/1450~2860 rpm
Air-charging system | Inter cooled turbocharger

Bore X Stroke

Maximum torque

Timing train All gear
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3D FEM characteristics
via condensed model
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Effect of Spray-spray/wall Interaction on Diesel Engine Combustion (First Report)

=T A oIl e aH E&H* NGE B>

Kazuya Miyashita Shinya Furukawa Yoshinori Ishii Hisashi Ozawa
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Abstract

Fuel spray injected into diesel engine cylinder develops with entraining ambient air. Air entrainment flow
surrounding the spray side boundary interferes with that of adjacent sprays. And the spray interferes with piston
wall and develops along the wall surface. Then the spray interferes with the adjacent sprays developing along the
wall surface similarly. In this study, effect of each interference on combustion was investigated by using a single

cylinder engine.
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Effect of Spray-spray/wall Interaction on Diesel Engine Combustion (Second Report)

=T At aH E&H* IEIE*

Kazuya Miyashita Yoshinori Ishii Hisashi Ozawa

oIl fRE*

Shinya Furukawa

C:

TV VERREFSNIMEE L. BEDOZEIEMDAHGHSFHEL TV, ZOBRICENTIE
EZAENDEIEADRNDBET FEBOZNEFHT S, T, BEFEXSVEEFSHL. BElTRD
THRER. ARICEELEHEIZEZEETHT 5, SR TE. INSOFHEEZTD (T ehzns
WRIEIC 52 2R B ERER(F 1) CERE(E2H)OMEN SHES M LT,

Abstract

Fuel spray injected into diesel engine cylinder develops with entraining ambient air. Air entrainment flow
surrounding the spray side boundary interferes with that of adjacent sprays. And the spray interferes with piston
wall and develops along the wall surface. Then the spray interferes with the adjacent sprays developing along the
wall surface similarly. In this study, the effect of each interference on combustion was analyzed by using engine

combustion CFD simulation.
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1 EHMRM
Bore x Stroke @115 x 125mm
Compression ratio 15.3
Swirl ratio 1.29
Chamber diameter 80mm,50mm
] Hole ¢0.115mm x 4
I:i)ezcztlc(; ' Direction Uniform, Non-uniform
Angle 180°
Engine speed 1,000rpm
Injection quantity 22 mm?3
Injection timing -3.55°ATDC
Injection pressure 65MPa, 135 MPa
In-cylinder pressure@IVC 150kPa(abs)
In-cylinder temperature@IVC 379.8K
EGR rate 0%
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Nozzle position=
Non-uniformy/chicken foot

Wallame
Entrain &
Adj. flame,

Nozzle position:
Uniform

Chamberdiameter:
SO/
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Chamberdiameters
5

Entrainment flow B-A
Wall C-A
D-A-(B-A)-(C-A)

Adjacent flame
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(a) Shell & CTC Model (b) Detailed Chemistry Model

ROHR [J/deg.CA]

M4 KBRRUFECEDEFRERDLLER

M52, BAZEX N TANCERULZERE
Y. ERFBREINKROEERTEZR. STERZERE
BE2,000KEYHEL2. 00FEmZEERRL TULS,
RRERICSVWTHLC BZ%%5EE. BRICHch
zSooth' S DEXRFENTH D . BHTRBFRNDOEE
PEECEETREDE LT, A EIT o>, iz,
3BEEENEBEMNRLGD 6, RBRICEVTIFE
KMNBR(CHEDIM =Y. SHRICEVWTIFRE
2,000KOHEEHBHEICHEDZINZ VT ERm s
LT, 9520 A3FTECIMDEBRZELEL 2.
M550, RETEHRINLEX(E. BMRENE(X
FEGTIETIEN. BEO EARUTRANEL
MoTUWL, ZNIZH LT, Shell & CTC:ET)IF&
BOWESTERR(CH VLTI, BRMEEE. BEEDL
ﬁ%t%ﬁ?ﬁﬂf@BhTﬁMAVﬁofuéo
ZhF. ERTHIBSNIBEROEEE (FFEDIED
EFEDTWB, —A. HMRICETEZRW &S
RZHVTIE. BRMFETIE. BRIGREARETIA TR,
EZEOLERRUTRENELD>THD. REDIE
KOBEEE—HL TS, ZTNE tERIDETEIC
ED. FRESHEREICHIEEDENENFEZ
BRTHSBNICEZBREEZBRTELLEHEEZS
NB. INSDFERMS . AREEICH LT IE. SEE
HOEEBHEERERDEXRDESH & LLRIIR < —H
LisfiRICETEZRALS 2 & & LT,

LT SR 1385(2026)



BEOTENT « —CILI VI VB RIFTHE (528)

(a) HEESEFEN

2 °ATDC 5 °ATDC 8 °ATDC
(b) Shell & CTC®5)

-1 °ATDC 2 °ATDC 5 °ATDC
(c) FHRIHET IV

0 °ATDC 3 °ATDC 6 °ATDC
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Infrared High-Speed Thermography of Piston Surface on Diesel Engine
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Kazuya Miyashita Shinya Furukawa
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Abstract

Combustion CFD reproduces in-cylinder combustion by combining models representing each phenomenon.
However, there are issues with the accuracy of these models, in particular, verification of wall heat loss is necessary.
In this study, in order to verify the accuracy of wall heat loss model, measurement of wall surface temperature
distribution was attempted in a top-view optical engine. Infrared radiation from the piston surface impinged diesel
spray flame was directly visualized by using the high-speed infrared camera. The obtained infrared images showed
the potential for high-speed measurement of wall surface temperature distribution.
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Improvement of Press Forming CAE Prediction Accuracy

by Advanced Friction State Modeling
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Abstract

To improve the accuracy of press forming CAE simulations, an advanced friction model was developed. Friction
sliding tests were conducted to identify dominant factors affecting the friction coefficient. Contact pressure was
found to be the most influential parameter, and a pressure-dependent friction equation was derived and
implemented in CAE simulations. Validation using production die forming demonstrated improved agreement
between simulation and actual material inflow, confirming the effectiveness of the proposed method.
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Mass Production Demonstration of Hydrogen-Fired Continuous Aluminum Melting
in a Die Casting Process
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Abstract

A five-day production demonstration test of hydrogen combustion was conducted using a small high-efficiency
aluminum melting and holding furnace on a 125-ton die-casting line. No flashback occurred, and molten metal
quality, casting quality, and melting performance were equivalent to those of conventional city gas combustion.
Carbon-neutral operation of the melting process was achieved during the demonstration period, demonstrating
the feasibility of hydrogen combustion for mass-production aluminum melting furnaces.
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Leveraging Al Tools in Powertrain Engineering Projects

— Rapid Development of MATLAB - Based Windows Applications
for Improving Productivity and Accelerating Knowledge Sharing -

Shivansh Singhal* Thirumal Harikrishnan*

Abstract

ISUZU has committed to using Al to improve its existing engineering workflows. This paper presents examples
of how this is being put into practice, exploring how Al tools can accelerate engineering software development in
a commercial vehicle powertrain environment. Two MATLAB-based productivity tools were developed using
Generative Al as a development accelerator. Engineers directed the development process by defining requirements
and validating outputs, while the Al platform generated code, proposed solutions, and supported debugging. In
both cases, fully featured tools were delivered within days rather than the weeks a conventional approach would
have required. The results show that Al-assisted development is a practical productivity accelerator for domain
engineers, even without dedicated software development resources.
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1 Introduction

Modern diesel powertrain development is becoming
increasingly complex. Emissions regulations such as
Euro 7, Environmental Protection Agency (EPA) 2027,
and California Air Resources Board (CARB) Ultra Low
Nitrogen Oxides (NOx) are setting targets that are
harder than ever to meet. Achieving these targets
requires precise control of combustion, aftertreatment,
and On-Board Diagnostics (OBD) systems. This means
more software functions, more calibration parameters,
and more complex signal interactions within the
Engine Control Unit (ECU).

OBD requirements are also growing in scope.
Engineers must ensure that fault detection and
diagnostic strategies are correctly implemented and
calibrated across a wide range of operating conditions.
Gaps in software understanding can lead to warranty
issues in the field, which are expensive and difficult to

resolve after production.

As a result, engineers are expected to develop a
deep understanding of increasingly complex ECU
software in shorter timeframes. The volume of supporting
documentation continues to grow. Managing and
navigating this documentation has become a
significant challenge.

This paper looks at how Artificial Intelligence (Al)
tools can help with this challenge, using ChatGPT
(OpenAl) Enterprise as a development accelerator.
Before going further, it is worth being clear about how
this was used. The Al platform was never used to read
or process any proprietary engineering documents.
Its role was limited to generating the MATLAB
(MathWorks) code that engineers then used to process
these documents locally, within their own MATLAB
environment. The platform itself never had access to
the actual document content. All developments took
place on ISUZU governed enterprise servers, with
enterprise level data protection in place throughout.
None of the information used during development

*|suzu Technical Center of America, Inc.
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was shared for model training, and no proprietary
data ever left the controlled environment.

1.1 Industry Context and Engineering Challenges

ECU calibration projects present a particular challenge
within this environment. Before productive calibration
work can begin, engineers must develop a thorough
understanding of the interlinked functions within the
ECU software, a familiarization process that relies
heavily on documentation often spanning thousands
of pages across multiple file formats. For established
programs with well-understood ECU software, this
process is supported by accumulated team expertise
and documented institutional knowledge.

However, new ECU programs introduce a substantially
greater burden, engineers must independently trace
internal signal flows, decode function hierarchies, and
map software interdependencies with limited prior
reference. In the absence of structured tooling to
support this process, the familiarization phase alone
can consume a substantial portion of engineering time,
time that would otherwise be directed toward productive
calibration and validation activity. Figure 1 illustrates
the typical software familiarization workflow within
such programs highlighting the specific stages where
knowledge acquisition bottlenecks are most acute.

MNew Software Familiarization Phase

Figure 1 Structured Approach to
Software Familiarization

_96_

1.2 Gaps in Current Practice

Model-based development has brought structure
to many parts of the engineering process. However,
when working with supplier-developed ECU software,
teams often have limited visibility into the internal
software architecture. The documentation provided
varies in format, depth, and quality across suppliers
and programs. There is no standard way to navigate
it, and the burden of understanding falls largely on
individual engineers.

In practice, teams rely on manual document review,
informal knowledge sharing between colleagues, and
ad hoc search methods. These approaches are slow.
They also produce inconsistent results. One engineer
may develop a strong understanding of a particular
software function while a colleague working on the
same program has very little. This inconsistency creates
risk. Decisions made on incomplete understanding of
the software can lead to calibration errors, missed
OBD requirements, or warranty issues that only surface
in the field.

The challenge is made worse when engineers move
between programs or when a new ECU platform is
introduced. The knowledge built up on one program
does not transfer easily to the next. Each transition
requires a significant investment of time before
productive calibration work can begin. For teams
working under tight program timelines, this is a
recurring and costly problem.

There is a clear need for tools that help engineers
access and understand software documentation more
efficiently. This paper presents two such tools,
developed wusing Al-assisted methods within a
commercial vehicle powertrain environment. Section 3
covers the development process and engineering
impact of each tool in detail.

2 Workflow Development Framework

2.1 Session Initialization and Context Setting

The Al platform used in this effort is the ChatGPT
enterprise tool. Each development session began
with deliberate context establishment. The engineer
configured the session by first orienting the platform
toward the specific development environment. A
typical opening prompt would resemble: “We will be
working in MATLAB throughout this session. Please
referto MATLAB syntax, functions, and documentation
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conventions in all responses.” This was followed by a
description of the engineering problem — what the
tool needed to do, what the input data looked like,
and what the expected output should be. For example:
"I have a folder of Word and Portable Document
Format (PDF) documents containing ECU software
information. The files are a mix of tables and free text.
I need to extract calibration label names, input and
output signals, min/max values, units, and which
software feature each label belongs to."

Critically, the engineer did not immediately request
code. Instead, the platform was asked to suggest
possible approaches first: “Before writing any code,
can you suggest two or three ways we could approach
parsing these documents in MATLAB? | want to
understand the options before deciding.” The platform
would then outline candidate strategies, and the
engineer would evaluate these against the engineering
requirements before selecting a preferred direction.
Only once a satisfactory approach was agreed did the
engineer provide a detailed output specification,
forming the basis for the first code generation pass.
From this point, development proceeded through a

continuous cycle of prompt and response.

Figure 2 Engineer-Mediated Iteration Cycle
Between Al Tool (ChatGPT) and
Engineering Tool (MATLAB)

2.2 Project-Based Continuity

Development was organized using the Projects
feature within ChatGPT, which allowed multiple related
chat sessions to be grouped under a single project
context. This preserved accumulated knowledge
(context for the Large Language Model (LLM)) across
sessions, enabling the model to maintain awareness
of previously developed components, design decisions,
and established conventions without requiring the
engineer to re-establish context at the start of each
session. This continuity was particularly valuable
across the multi-phase development lifecycles of both
tools, where later sessions were built directly upon
earlier architectural decisions.
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2.3 The Iteration Cycle

There was no direct interface between the Al platform
and the MATLAB environment during development.
The platform was prompted to write specific aspects
of the code, which the engineer then manually copied
into MATLAB and executed. Feedback was returned
to the platform in two ways. The first was text-based
MATLAB error messages pasted directly into the chat,
or qualitative observations about the output were
described in words. For example, when the parsing
script produced incomplete results, the engineer
would return to the session with a prompt such as:
"The script runs without errors but is missing labels
that appear in paragraph text rather than tables. Here
is the error output: [pasted error]. Can you update the
parsing logic to also capture these?"

The second feedback method was image-based.
Where the issue was visual in nature, such as incorrect
application layout, unexpected User Interface (Ul)
behavior, or output formatting problems. In these
cases, screenshots of the MATLAB environment were
shared directly in the chat. The platform was able to
interpret these images, identify the shortcoming from
the visual context, and suggest corrective code
without requiring the engineer to describe the
problem in words. This proved particularly useful for
debugging Ul components and output formatting,
where a screenshot communicated the issue far more
precisely than a text description could.

The platform reworked the code based on both
types of feedback, and the cycle repeated. Initial
functional prototypes were typically achieved within a
small number of exchanges. Subsequent iterations were
driven by fine-tuning and edge case handling rather
than fundamental correctness issues. All refinements
were handled within the Al tool rather than engineer
directly editing the generated code, hence preserving

a clean and traceable development dialogue.

2.4 Engineer’s Role and Validation

Engineer brought an intermediate level of MATLAB
proficiency to the collaboration, sufficient to evaluate
the correctness and structure of generated code,
identify logical errors, and direct refinement without
being dependent on Al generation for every aspect of
implementation. Technical validation of the developed
tools was conducted jointly by the engineer and

colleagues, ensuring that outputs were assessed
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against real engineering requirements. This validation
approach was essential in identifying edge cases. Such
cases were addressed by explicitly surfacing them
within the Al chat session, enabling the model to
incorporate appropriate-handling logic in subsequent
code revisions.

Figure 2 lllustrates how the engineer bridged
communication between the Al Tool and Engineering
Tool.

2.5 Methodology Maturation

Prompting practice evolved considerably across the
project. Early sessions used broad, exploratory
prompts. For example: “Can you write a MATLAB
script to extract data from these documents?" Over
time, prompts became more precise and specific.
For example: “"Write a MATLAB function called
parseWordTables. It should take a file path as input,
extract all table rows where the first column matches
the pattern ‘XYZ', and return a structured array with
fields: labelName, minValue, maxValue, unit, and
featureName."*

This shift came from a growing ability to specify
requirements clearly and anticipate edge cases
upfront. The engineer also became better at
recognizing early when the platform was going in the
wrong direction, allowing quick correction before
significant rework was needed. This improvement in
prompting effectiveness directly contributed to the
faster development observed in later phases. It also
represents a transferable skill that can be applied to
future Al-assisted engineering work.

3 Al-Assisted MATLAB Tool Development:
Powertrain Engineering Case Studies

3.1 Case Study 1: Software Documentation Rapid
Search Toolchain

Of the familiarization challenges outlined in Section 1,
navigatinglarge volumesof calibration documentation
was the most time-intensive bottleneck in day-to-day
engineering work. Engineers had to manually search
across Word and PDF files spanning thousands of
pages. There was no structured way to query, filter,
or cross-reference signal data. Most content was in
structured tables, but some appeared as free text,
with both formats spread across multiple pages
within the same files. This made the process slow,
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inconsistent, and heavily dependent on individual
familiarity with the documents.

The tool was built across three phases: document
parsing, database creation, and application delivery,
as illustrated in Figure 3.

Figure 3 Layered pipeline architecture of the
Software Documentation Rapid Search
Toolchain, illustrating phase-wise
integration of Al-assisted development
and resultant application capabilities

Development started with the engineer describing
the problem to the platform. The documents were a
mixed set of Word and PDF files, mostly in table format
but with some free-text sections, spread across multiple
pages. The engineer also described what data needed
to be extracted: calibration label names, input and
output signal definitions, boundary values, units,
functional descriptions, and software feature attribution.
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Rather than jumping straight to code, the engineer
first asked the platform to suggest possible parsing
approaches. The platform outlined several options.
The engineer then selected the most suitable one,
which used separate routines for table content and
free-text paragraphs. This early discussion shaped the
direction of the entire development. As the work
progressed, the engineer also asked the platform to
add comments throughout the generated code. This
made it easier to follow the logic, understand each step,
and continue development across multiple sessions.

Second phase was about storing the extracted data
in a format that could be easily searched and queried.
Engineer specified to the Al tool on what the database
should look like ” Three separate Excel worksheets for
calibration labels, input signals, and output signals,
each capturing parameter-level metadata”. The Al
tool generated the Excel structure and the MATLAB
code to write data into it.

During testing, a problem became apparent. The
extraction was picking up a large number of uncertain
or incomplete records alongside the valid ones. The
engineer described this to the Al tool, which suggested
adding afiltering step. High confidence records would
go into the main sheets, and uncertain ones would be
moved to a separate review sheet for manual inspection.
This change improved the quality of the database
significantly. A separate issue also came up during
testing: a MATLAB error related to column naming.
The engineer pasted the error into the chat, and the
Al tool returned a corrected script straight away.

Third phase was the application itself. A Windows
desktop application was built using MATLAB's uifigure
framework. The engineer described what the application
needed to do, one requirement at a time. These included
keyword search, exact field lookup, approximate query
modes, signal cross-correlation analysis, conditional
filtering, and formatted outputfor engineering review.
The application was made available in two ways: as a
standalone executable for engineers, and as a native
MATLAB application.

The codebase was organized as one main script with
a setof helper functions. Each helper function handled
a specific task such as parsing, database writing, search,
or Ul rendering. New features were added one at a
time by requesting new helper functions from the
platform and connecting them to the main script. The
engineer also asked the Al tool to include comments
throughout the generated code. This made it easier for
colleagues to understand the code and made it simpler
to continue development across multiple sessions.

It is worth noting that the Al tool was not used to
process any proprietary documents. It was only used
to help build the tool itself. All document data was
handled within internal engineering systems only.

The first working prototype was ready within hours
of starting development. The complete application,
with over 4,000 lines of MATLAB code, was delivered
within days. A conventional development approach
would have taken several weeks. Figure 4 shows the
finished application interface and a sample of the
generated MATLAB code.

Actual Developed Tool UI in

MATLAB Code to Implement the Tool UI
and Integrate All the Information into a

Single, User-FriendlyIn terface

Figure 4 Realized MATLAB Application Interface and Supporting Code Structure
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3.2 Case Study 2: Automated Simulink Model
Generation Toolchain

Building Simulink models manually is a time-
consuming process. For each software function, the
engineer has to create subsystem blocks and populate
them with the correct inputs, outputs, calibration
labels, and lookup tables by hand. This information
has to be read from specification documents and
entered into Simulink one parameter at a time. The
process is also prone to error. A missed signal or
incorrectly named block can cause problems later in
the development cycle that are difficult to trace back.
For the software and controls team, this setup work
took up a significant amount of time before any real
modelling could begin. It also had to be repeated
from scratch for every new software function.

The tool was developed in MATLAB using the same
workflow described in Section 2. As shown in Figure 5,
the process has two parts. The first part is Al-assisted,
where the Al tool helped develop the MATLAB scripts
to read and process the specification data. The second
part is engineer-led, where the generated output is
reviewed and built upon to create the complete
Simulink model. This division kept the engineer in
control of the technical decisions while the platform
handled the time-consuming code development work.

Word document
Software specification text

t Excel spreadsheet

Structured parameter tables

________ S T

Data extraction & parsing
Structured + free-text content parsed into field-level records

Calibration

Imports & labels tables
outputs Name, bounds, units 1D & 2D LUT data

— e

MATLAB script generation

l

1/0 signals Lookup

ChatGPT Enterprise

Al-assisted code generation via

Skeleton Simulink subsystem (.slx)
1/0 ports, calibration blocks, 1D & 2D LUTs auto-populated

Model refinement
Add detail, verify behaviour

Signal flow design
Connect subsystems & logic

dates generated
er develop it

Complete Simulink model
Ready for software integration & validation

Engineer's Work

@

Figure 5 End-to-end workflow of the Automated
Simulink Model Generation Toolchain
— from source documentation to complete
Simulink subsystem
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Development started with the engineer describing
the problem to the platform:

"I have Word and Excel documents describing ECU
software functions. Each document defines the input
signals, output signals, calibration labels, and lookup
tables for a function. | want to write a MATLAB script
that reads this information and automatically creates
a Simulink subsystem block with the correct Input/
Output (1/0) ports, calibration blocks, and lookup
tables pre-populated.”

The platform asked a few clarifying questions about
the document structure before suggesting an approach.
For example, it asked how the signal names and lookup
table data were laid out in the Excel sheets, and whether
the Word documents followed a consistent format
across all functions. This helped make sure both the
engineer and the platform had the same understanding
of the problem before any code was written. It also
helped avoid rework later in the development.

The tool read specification data from both Word and
Excel files. These were the two formats used to store
function definitions, signal lists, calibration parameters,
and lookup table data across the project. Once the
basic parsing logic was working, the engineer refined
the requirements through follow-up prompts as new
cases came up during testing. For example:

"The lookup tables can be either 1D or 2D. Can you
update the script to handle both cases?"

Each follow-up prompt added a new capability to
the script. This is a good example of how the tool
grew incrementally through the development process
rather than being fully specified at the start. The final
scripts generated skeleton Simulink subsystem blocks
directly from the source documents. Each block
included the correctinputand output ports, calibration
label blocks, and 1D or 2D lookup table blocks where
needed. Block names were taken directly from the
document content, keeping the generated model
consistent with the original specification.

The engineer's role, shown in the lower part of
Figure 5, was to review the generated blocks and then
build on them. The blocks were used mostly as they
were. The engineer then connected them, defined the
signal flow between functions, and added the logic
needed to complete the software architecture. The
auto-generated blocks gave the engineer a reliable
starting point and removed the need to set up each
subsystem from scratch.
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The main benefit was removing the repetitive
manual setup work. Previously, an engineer had to
locate each parameter in the specification document
and enter it into Simulink individually. For a function
with many signals and multiple lookup tables, this
could take a considerable amount of time. The tool
did this automatically and consistently. Figure 6
shows a snippet of the generated Simulink Wireframe
and a sample of the generated MATLAB code. The
tool removed a time-consuming step from the
workflow, allowing engineers to start signal flow
design and software logic implementation sooner.
The benefit was most noticeable for complex functions
with large signal interfaces. The tool was initially used
by the software and controls team, but the approach
showed clear potential for wider use across model-
based development workflows.

Output from Developed Toolchain

MATLAB Code to Implement the
Skeleton Simulink Model Generation

Figure 6 Realized MATLAB Code for Automated
Simulink Model Generation and its output

4 Future Scope for Organizational Workflow
Enhancement

The tools presented in this paper address specific
workflow bottlenecks. However, the underlying
development approach is transferable to any
engineering activity that involves repetitive tasks,
large volumes of data, or structured information
processing. The organizational opportunity is
therefore considerably broader than the individual
case studies suggest.

Within engineering organizations, the most
immediate gains are likely in workflows where the
inputs and outputs are well defined, and the tasks are
time-consuming but not highly creative. These are
actly the conditions where Al-assisted development
provides the largest productivity boost — freeing up
engineers to work on higher-value problem solving
and decision making.

As illustrated in Figure 7, looking further into the
future, the maturation of agentic Al systems represents
a more fundamental change. Unlike the assistive
approach shown in this paper —where a human engineer
stays in the loop at every step, agentic systems can
autonomously plan and execute multi-step workflows,
work on tools, make intermediate decisions, and
adapt based on results. As these capabilities mature,
the line between human-directed and Al-directed

engineering work will continue to shift.

Figure 7 Agentic Al workflow for powertrain engineering: Al agent orchestrating multi-tool execution via

MCP (Model Context Protocol) under engineer oversight
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5 Conclusion

The case studies presented in this paper demonstrate
that generative Al can fundamentally alter the
economics of internal toolchain development,
compressing what would traditionally require weeks
of specialist effort into days, without compromising
engineering rigor or data governance.

Beyond development speed, Al-assisted development
expanded the scope of what engineers considered
feasible to build. Problems that would previously have
been worked around due to development time
constraints could now be directly addressed through
targeted tooling, shifting the engineering mindset from
adapting to limitations toward actively resolving them.

Perhaps most significantly, this work demonstrates
that effective Al-assisted development is itself a
learnable and transferable skill. Engineers can achieve
productivity benefits that go far beyond any one tool or
project by investing in creating collaborative workflows
with Al systems and organized prompting practices.
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Abstract

Fleet data provides Automotive manufacturers with a practical method to understand how vehicles are used by
customers in real-world operation., This customer data is especially critical because vehicle operation varies
significantly by vocation, payload, location, driver usage, and most importantly emission regulations. These
characteristics provide a quantitative basis for, customer usage-pattern analysis, real-world product performance
assessment, duty-cycle development, validation, and prioritization of future technology investments. This paper
presents a data-driven approach for converting the resulting insights to create a direct link between field usage and
OEM decision-making by using a case study in which customer data is used to classify customers from a pool of
fleet data to develop a High-Demand In-Use Testing cycle.
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1 Introduction

Future commercial vehicle development is
increasingly influenced by the need to match product
capability with actual customer operation. Traditional
development programs use regulatory cycles,
proving-ground procedures, engineering assumptions,
and limited customer feedback. While these legacy
inputs remain necessary to establish baseline structural
and emissions performance, they operate as highly
controlled environments. Consequently, they fail to
fully capture the stochastic, wide-ranging real-world
boundary conditions created by highly variable route
topography, shifting payload distributions, ambient
climates, urban-to-highway traffic congestion, specialized
vocational applications, and erratic operator habits!"315),

Fleet data can close this gap by providing direct
evidence of how vehicles are used in the market. By
analyzing customer operation across a fleet, an

Original Equipment Manufacturer (OEM) can identify
usage clusters, severe applications, route demands,
thermal exposure, idle behavior, energy consumption,
and real-world performance trends. For instance,
proactively integrating real-world profiles allows
OEMs to mitigate compliance risks for mandatory,
post-production audits like the Heavy-Duty In-Use
Testing (HDIUT) program, as well as global standards
like Real Driving Emissions (RDE) testing. OEM's
Product planning teams can leverage these data-
driven insights to strategically prioritize future
Research and Development (R&D) pipelines, balance
technology investment portfolios, and align next-
generation architectures with actual customer
applications. Concurrently, engineering teams can
use the exact same fleet-derived datasets to establish
rigorous development targets, apply precise
engineering judgment, define highly accelerated
validation cycles, and objectively evaluate whether

*|suzu Technical Center of America, Inc.

Copyright© 2026 1SUZU MOTORS LIMITED.
All Rights Reserved. fRiT#nE; - 55 - BoAZRLE
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future component designs truly mirror the real-world

customer operation35Xex9),
2  Strategic value of fleet data

Product planning and engineering decisions require
evidence about customer needs, operating severity,
technology suitability, and market opportunity. Fleet
data provides this evidence by showing real-world
operation across applications, regions, routes, and
vehicle configurations. Planning teams can use it to

identify priority markets and future investments, while

engineering teams can wuse it to distinguish
representative and severe-use operation, apply
engineering judgment, and define validation targets
for future vehicle programs®®). As outlined in Table 1,
the fleet data applications span across multiple
powertrain architecture directly enabling targeted
engineering decisions. For any OEM the value of this
approach is the ability to convert customer operation
into quantified planning/validating inputs which
creates a stronger link between field evidence, future
project development plans, and business decisions.

Table 1 Examples of fleet-data applications across powertrain types and planning purposes

3  Fleet data analytics framework

To systematically translate raw vehicle telematics
into actionable engineering metrics and strategic
planning decisions, a structured, sequential workflow
is required. Figure 1 illustrates the proposed Fleet
Data Analytics Framework, which maps the end-to-
end pipeline from initial edge data acquisition to final
downstream product deployment. This linear progression
ensures that data is rigorously conditioned, contextually
analyzed, and translated into high-utility validation
targets Unlike conventional architectures that process

heavy, continuous raw time-series streams, this
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specialized framework ingests aggregated MIMAMORI*!
Controller unit (MMU) data. Figure 2 shows process
flow of how MMU-based approach uses aggregated,
pre-processed vehicle data to quickly identify customer
operation across fleets with lower processing effort
and minimal test instrumentation, compared with
conventional raw time-series data analysis.

By transforming these pre-compiled, vehicle-processed
health and operational summaries into targeted
inputs, the framework effectively bridges commercial

fleet tracking with engineering validation X%

*1 MIMAMORI (Fleet operation data source used in the ISUZU
N-SERIES case study.)
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Figure 1 Fleet-data analytics framework

Figure 2 Time series vs MMU data process flow comparison

3.1 Fleet data preparation and quality filtering

The framework initiates by aggregating an
expansive, statistically significant MMU dataset across
a diverse, geographically distributed customer
operational fleet. This data is further filtered to ensure
data integrity and quality control by eliminating
anomalies or parameters.

3.2 KPI extraction

The second step is to convert raw operation data
into KPIs that describe customer usage. The exact Key
Performance Indicators (KPIs) depend on the purpose/
objective of the analysis. For example, an aftertreatment
study may emphasize cold operation. A Battery
Electric Vehicle (BEV) study may emphasize route
length, speed distribution, energy demand. A Fuel-
Cell (FC) study may emphasize hydrogen storage

requirement and refueling availability!*?.

3.3 Usage Classification and Severity Scoring
Once the distinct KPls are extracted, individual fleet

vehicles are categorized into specific commercial
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vocations that isolate their primary operating
signatures. These classifications typically distinguish
between high-speed long-haul highway transit,
urban stop-and-go delivery routing, high-idle
municipal or vocational operations, extreme cold-
region deployments, and severe high-energy demand
applications. Figure 3 illustrates these distinct commercial
vehicle vocations alongside their respective real-world
usage distributions.

Dellvery Vans  Dellvery Trucks School Buss Transit Buss

Bucket Trucks Servuce Vans Tractors Refuse Trucks

Figure 3 Different vocation of commercial vehicle

For planning purposes, classification should identify
both representative use and severe use. Representative
use supports mainstream target setting, while severe
use supports robustness, durability, emissions, and
worst-case validation planning.
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To synthesize multi-dimensional KPls featuring
disparate physical units into a singular, cohesive
assessment tool, a standardized severity index is
implemented. For any individual metric where a
higher numerical value directly correlates with
elevated component stress, the normalized rating is
calculated using a linear min-max feature scaling

approach shown in Equation (1).
xnorm:(x_xmin)/(xmax_xmin) (1)

The resulting normalized KPI ratings are subsequently
aggregated through weighted distribution, and the
final composite score is normalized a second time
to ensure scale consistency. The assignment of
specific weighting factors is directly governed by the
downstream engineering target. As in the HDIUT
cases study showcased in the later part of this paper,
a cold-start emissions optimization study will heavily
penalize lower non idling states and cold thermal
states.

3.4 Decision making

The final block is where the recognized operational
patterns are translated into actual decisions, technology
developments, investments, vehicle testing, and
target setting. The synthesized duty cycles and severe-
use profiles are deployed multi-functionally across
the organization:

e Product Testing & Validation: Directly generates
localized, real-world testing procedures, such as
custom HDIUT or RDE compliance cycles for laboratory
dynamometer and Portable Emissions Measurement
System (PEMS) evaluation.

e Target Setting: Establishes rigorous, data-justified
reliability and durability targets for next-generation
vehicles based on actual customer boundaries.

® Technology Investments & Development: Informs
R&D teams where to allocate capital-such as
optimizing battery capacities for specific BEV routes
or refining Selective Catalytic Reduction aftertreatment
system (SCR) heater strategies for high-frequency
cold-start profiles.
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4 Case Study: HDIUT cycle generation using
ISUZU N-SERIES MIMAMORI data

The HDIUT case study demonstrates how the
proposed data driven framework can be applied to a
specific research and development need. As
mentioned in the introduction section with post-
production audits in scope, the team planned to
investigate customer data and understand customer
usage patterns that can be used to create a drive cycle
that can be used to generate similar results at
development phases.

The scenario of interest includes repeated cold
starts, high-load driving, engine shutdown, soak time,
and repeated operation during a work shift. This
operating pattern is important because aftertreatment
systems such as SCR may have reduced effectiveness
before reaching sufficient thermal temperature, and
repeated cold operation can increase emissions risk.
Fleet data provides a practical way to evaluate
whether this type of severe-use condition exists in the
field and how frequently it occurs within customer
operation@®),

For the HDIUT example in this paper, a minimum
mileage threshold of 500km is considered to avoid
making decisions based on very small sample exposure.

For this case study, ISUZU N-SERIES MIMAMORI
data is used to identify customer vehicles with
operation patterns that may represent a realistic high-
demand condition. The objective is not only to create
a test cycle, but to demonstrate how fleet data can be
transformed into evidence for planning and
development decisions (Figure 4).
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Figure 4 Revised framework for HDIUT cycle generation from fleet data

4.1 KPI logic for HDIUT identification

For HDIUT identification, KPI logic focuses on four
customer-operation characteristics: high-load driving,
cold operation, non-idle operation, and fuel-
consumption severity. These characteristics were
selected because they represent the combination of
operation that can challenge thermal management
and emissions control while still being based on
actual customer field data.

4.2 Rating calculation

The ISUZU N-SERIES fleet data analysis converts
each raw operating metric into a normalized KPI
rating so that parameters with different units can be
compared on a common O - 1 scale. For KPIs where a
higher raw value indicates greater severity, such as
average speed or high-speed exposure, min-max
normalization is applied directly. For KPIs where a
lower raw value indicates greater severity, such as idle
ratio or fuel economy, inverse normalization is
applied. This allows each KPI to be evaluated
individually or combined with other KPIs based on
the objective of the analysis.

The final severity score is calculated from the
selected KPI set using a normalized weighted
combination with higher priority given to non-idle
operation and cold operation as shown in Equation (2).

Final Score = [(3 * Non — Idle) +
(2 * Cold Operations) + (1 * High speed) +
(1 * High Fuel) +(2)
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The initial demonstration wuses equal KPI
contribution, but the method is intentionally
expandable. Depending on the research or validation
requirement, different KPIs can be added, removed,
weighted, or evaluated separately.

For example, a cold-start emissions study may
assign higher weight to coolant temperature and
soak-related indicators, while a highway-load
validation study may prioritize high-speed exposure
and non-idle operation.

This data-driven structure allows KPI selection,
threshold definition, and scoring logic to be quantified
according to the specific engineering or product-
planning objective, rather than forcing one fixed
interpretation of fleet data.

4.3 Sample ISUZU N-SERIES MIMAMORI results

Five sample vehicles from the ISUZU N-SERIES
MIMAMORI dataset were considered for this analysis.
Actual Vehicle Identification Numbers (VINs)*? are not
disclosed to protect intellectual property and maintain
data privacy. Within each VIN, the KPI that are
associated with HDIUT cycle characteristics are chosen
as shown in Table 2.

*2  VIN (anonymized in this paper for publication readiness)
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Table 2 Sample ISUZU N-SERIES MIMAMORI vehicles used for HDIUT screening

The values show that VIN-A, VIN-B, and VIN-C
operate with high vehicle speed with respect to avg
speed, velocity bins, and low idle ratio. These vehicles
are therefore strong candidates for high-load HDIUT
cycle generation. VIN-D and VIN-E show low speed
and high idle ratio, so they are not HDIUT candidates,
although they may be useful for other product-
planning studies such as urban-idle operation or
stop-and-go route evaluation.

Figure 5 compares the cumulative operating hours
for each VIN across low coolant temperature bins
below 30°C. Operation in these temperature ranges is
important because it represents periods where the
engine and after-treatment system may not yet be
fully warmed up, which can increase emissions
sensitivity during repeated cold-start, low idle and
high-load operation.

to to to to to

Figure 5 Coolant temperature distribution for
anonymized VINs used in HDIUT
cold-operation screening

The proportion of operational time spent in each
velocity bin for five anonymized VINs is compared
in Figure 6. When paired with cold-operation
exposure, low idle ratio, and high fuel-consumption
severity, higher exposure in the 80 km/h and above
speed range implies stronger high-speed operation
and is therefore thought to be more significant
for HDIUT candidate selection. (The engineering
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assessment may once more be used to modify the
80 km/h limitation).

Comparison (%)

(km/h)

Figure 6 Velocity bin comparison for anonymized
VINs used in HDIUT high-load operation
screening

For HDIUT candidate selection, lower idle ratio is
preferred because it indicates that a larger portion of
engine running time is associated with active driving
rather than stationary operation. Figure 7 compares
vehicle running time, engine running time, and total idle
time for the anonymized VINs. The idle ratio is calculated

as total idle time divided by engine running time.

Figure 7 Idle operation comparison foranonymized
VINs used in HDIUT non-idle operation
screening

The results in Figure 8 show a clear separation
between the candidate and non-candidate vehicles.
VIN-A, VIN-C, and VIN-B have final normalized ratings
of 1.000, 0.986, and 0.918 respectively. These ratings
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are driven primarily by HDIUT case requirements.
VIN-D and VIN-E have final ratings close to zero
because their operation is dominated by low-speed
and high-idle usage.

Figure 8 Final normalized HDIUT severity rating
for anonymized sample VINs

For this demonstration, the selected VINs were
intentionally chosen from the extreme ends of the
normalized rating distribution to clearly explain the
KPIlogic and candidate-selection approach. VINs with
ratings close to 1 represent strong alignment with the
target HDIUT severe-use condition, while VINs with
ratings close to O represent low alignment. This
contrast helps demonstrate how fleet data can be
used to separate high-priority HDIUT candidates from
less relevant customer usage patterns.(Table 3)

Table 3 Normalized KPI ratings for sample ISUZU N-SERIES MIMAMORI vehicles

4.4 Interpreting the HDIUT candidate vehicles

The candidate vehicles illustrate how aggregate
fleet data can identify realistic customer operation
that should be considered during future vehicle
development. VIN-A and VIN-C combine very high
average speed this indicates a strong highway or
high-load operating pattern. VIN-B also shows high-
speed operation and the strongest non-idle rating
among the sample vehicles. These characteristics
make the three vehicles suitable starting points for
retrieving trips or route segments that can be
assembled into a high-demand cycle.

The cold-operation metric in the sample should be
interpreted carefully. A vehicle may have cold coolant
exposure without also having immediate high-load
operation after the cold starts. Even withoutthe timestamp
data, aggregate KPIs can still narrow the candidate
list, but cycle construction should be confirmed with

additional data or targeted instrumentation.
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4.5 From candidate VINs to HDIUT cycle:

The HDIUT cycle-generation process begins by
applying the framework to the full fleet dataset and
selecting candidate vehicles with high final ratings.
Trips or operating windows from those candidate
vehicles can then be screened for the target operation
sequence. The selected windows are then fed to the
in-house developed ISUZU drive cycle tool, that
generates representable cycles by interlacing different
parts of standard evaluation cycles and generates a
time series speed profile that can be used for future
vehicle evaluation.".

This case study therefore provides an example of
how fleet data moves through the complete framework:
raw customer data, KPI extraction, severity scoring,
candidate identification, route or duty-cycle generation,
and final test application. The output is not only a test
cycle. Itis also evidence that a proposed development
scenario is linked to real customer usage.
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5 Broader applications of the same approach

The HDIUT case study is an application of a broader
fleet-data framework. The same method can be
reused to understand customer operation and convert
that understanding into future product decisions. The
key is to change the KPI set and scoring logic to match
the business and engineering question. Table 4
highlights some of the key outcomes of this framework
when used with other powertrain applications.

For route generation, the method can identify actual
customer speed profiles, distances, stop patterns, idle
events, and thermal conditions” Those routes can be

converted into simulation inputs, chassis dynamometer
cycles, proving-ground schedules, or customer-
representative validation plans. For real-world
performance and engineering evaluation, the method
compares product behavior against actual customer
operation, including fuel economy, energy consumption,
aftertreatment warm-up, regeneration frequency,
range utilization, and thermal limitations. Planning
teams can use the results to identify usage clusters
that justify investment, while engineering teams can
use them to set targets, investigate limitations, and

define validation requirements

Table 4 How the same fleet-data approach can support other planning decisions

Planning question

KPI emphasis

Potential decision or output

Which routes are suitable for BEV
introduction?

Daily distance, energy demand, charging
opportunity, temperature exposure target

BEV route suitability and battery/range

idle reduction?

Which customers require hybridization or Idle ratio, stop frequency, speed
distribution, auxiliary load

Hybrid system priority and idle-reduction
strategy

Which applications are suitable for fuel cell?

Route length, continuous load, refueling
opportunity, payload and climate exposure |infrastructure plan

Hydrogen storage, fuel-cell power rating,

Which ICE customers need stronger
aftertreatment robustness?

Cold starts, SCR warm-up opportunity,
high-load driving, fuel severity

Aftertreatment sizing, heater strategy,
calibration margin

Which duty cycles should future vehicles be

tested on?
energy data

Representative and severe customer
clusters from speed, load, idle, thermal, and|Customer-derived validation cycle library

prioritized?

Where should development investment be |Fleet population size by severe-usage
clusters and technology need

Product roadmap and investment plan

5.1 Limitations and recommended improvements

The case study uses available aggregate MIMAMORI
metrics, which are sufficient for identifying candidate
vehicles and demonstrating the product-planning
and engineering development value of the approach;
However, aggregate metrics cannot fully confirm the
exact event sequence required for the intended
HDIUT condition, such as cold start, transition to high-
load driving, repeated operation during a work shift
etc. Time series data, where available, should
therefore be used as a second-stage confirmation
method. This additional step is more time-consuming
because it requires trip-level data extraction, time-
damp alignment, filtering of large data volumes, and
engineering review of candidate segments. Therefore,
aggregate KPI analysis is recommended for scalable
fleet-level screening, while time-series analysis should
be applied selectively to the shortlisted VINs to
improve confidence that the selected cycle truly
represents the target HDIUT operating condition.
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6 Conclusion

This paper presents a fleet-data-driven framework
for future powertrain product planning. Its main
contribution is positioning fleet data as a strategic
planning input, rather than only an engineering
diagnostic tool. By translating customer operation into
KPIs, usage classifications, and severity ratings, OEMs
can better define project targets, technology investments,
validation cycles, and customer-segment priorities.

The HDIUT case study demonstrates a practical
application. ISUZU N-SERIES MIMAMORI data
identified vehicles with cold temperature, low Idle,
high average speed, and high normalized severity.
Three sample VINs were strong HDIUT candidates,
while two represented lower-speed, higher-idle
operation better suited to other use-case studies. This
demonstrates how fleet data can be converted into
customer-derived duty-cycle inputs for vehicle testing
and evaluation.
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By adjusting KPIs, thresholds, and weighting
factors, the same methodology can support other
powertrain programs and planning questions, including
HDIUT cycle generation, route generation, usage-
pattern analysis, real-world performance evaluation,

and future Isuzu investment planning.
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Abstract

As decarbonization advances through a multi-pathway approach, carbon-neutral fuels such as biomethane and
e-methane are attracting increasing attention. Natural gas vehicles are expected to be one of the applications for
these fuels. This paper reviews the technical, social implementation, and fuel supply potential of natural gas
vehicles, and discusses their applicability to biomethane and e-methane utilization.
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