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Artist-Centric New HMI Software Development Workflow:

Development of Real-Time 3D Rendering Engine for Reconfigurable Instrument

Clusters
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Instrument clusters that display all information on a TEFT-LCD screen, also known as reconfigurable instrument
clusters, have become the new trend in automotive interiors. DENSO mass-produced the world's first reconfigurable
instrument cluster in 2008. To satisfy customer requirements, large quantities of resources were required. Coupled
with an iterative process due to requirement changes, development costs became very high. Reducing development
costs was vital in order to expand the reconfigurable instrument cluster products-line. Therefore, DENSO devel-
oped a new workflow and technology for the reconfigurable instrument cluster. An artist-centric approach was pro-
posed to reduce the development effort by introducing a data converter and real-time 3D rendering engine. Using
automatic shader code generation and frame rate improvement techniques contributed to rendering a high quality
image on a TFT-LCD screen. The new workflow was evaluated during a mass production development project and

resulted in improved software development efficiency.
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Table 1 Results of PSNR

Test scene PSNR[dB]
Ambient 38.68
Diffuse 37.13
Specular 45.64
Shininess 43.10
Emission 34.68
Bump 33.91
Reflection 31.28
Environment map (2D) 38.54
Skinning 33.97
Morphing 34.35
Spot light 38.11
Omni light 39.02
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Fig. 14 Example of 3D-CG screen by developed product

Table 2 Result of object reduction

Function Before | After
Telltales 17 1
Speedometer, tachometer and odometer 40 1
Lane guidance 16 |
Turn by turn 16 |
TAB menu 8 |
Fuel and temperature gauge 8 1
Driving assistance system 6 1
Turn list 12 1
Total 123 8

Table 3 Result of the processing time

Before After Improvement
CPU load (ms) 64.0 30.5 335
GPU load (ms) 22.5 225 0.0

Table 4 Evaluation of the new workflow on mass production

project
Vehicle A B Effect
Workflow Conventional New -
Man-month 92.6 952 1
LOC 6,619,195 113,983,287 17.2
Function 22 50 227
Iteration 23 82
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Fig. 15 System block diagram (the past, the present and
the future)
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