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Executive Summary

Automotive display requirements are evolving rapidly as trends in connectivity, automation, sharing and 
electrification demand that automotive designers incorporate a growing number of larger and higher-resolution 
displays inside vehicles. These advanced display systems must meet the stringent reliability, power, weight and 
electromagnetic compatibility (EMC) requirements demanded by the automotive industry—yet the increase 
in total bandwidth demand generated by vehicle-display data makes it difficult for designers to meet these 
requirements with display protocols that do not support compression. 

To make such a capability available to automotive and other high-bandwidth applications, MIPI Alliance has 
integrated the VDC-M visually lossless image compression standard into version 1.2 of the MIPI DSI-2 display 
protocol. VDC-M achieves a maximum compression ratio of 6:1, reducing a 24-bit uncompressed source RGB 
pixel to 4-bits per pixel when compressed. This image compression can be leveraged by automotive designers 
to connect high-resolution displays with lower-bandwidth physical interfaces using lower-cost cables and 
connectors, or to connect the highest-possible resolution displays that require data rates that far exceed the 
underlying bandwidth of the physical interface. Because the automotive cable harness is one of the most 
expensive and heaviest components within a vehicle, the use of image data compression technologies also can 
help reduce the complexity of this component. 

The use of a high data compression rate must be approached with caution as it may adversely affect 
image quality and transmission latency—factors that are unacceptable in safety-critical, in-vehicle display 
applications. This white paper presents a technical approach to assessing visually lossless compression quality 
for automotive displays and describes a recent MIPI automotive image compression study undertaken for the 
benefit of automotive display architects who wish to evaluate the visually lossless properties of VDC-M. The 
study concluded that a wide selection of automotive images compressed using VDC-M met the visually lossless 
objective as shown in the following figure.

An Evaluation of Visually Lossless Display
Compression in Automotive Use Cases

Use of image compression is essential to address the proliferation of high-performance displays in next 
generation vehicles. This paper details the trends impacting automotive display design and describes a 
new MIPI Display Working Group (DWG) study that verifies how the use of Video Electronics Standards 
Association Display Compression-M (VDC-M) within the MIPI Display Serial Interface 2 (DSI-2SM) 
protocol can provide visually lossless compression for automotive displays.
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Figure 1 Summary of MIPI automotive image compression study results

Result
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1. Introduction

1.1.  Automotive Trends

Automotive display systems are undergoing an accelerated evolution driven by the disruptive industry 
trends of connectivity, automation, sharing and electrification (known as “CASE”). This combination of 
trends is driving an increased number of in-cabin automotive displays, along with increased pixel color 
depth and display resolution, as described in Table 1.

To meet these new display requirements, contemporary automotive systems engineers are challenged 
to create scalable display system architectures capable of supporting entry-level vehicles all the way 
to flagship product lines, while still meeting all functional safety, weight, power and electromagnetic 
interference (EMI) requirements.

4

Table 1 Description of automotive industry trends and their impact on displays

1  5GAA White Paper—C-V2X Use Cases Methodology, Examples and Service Level Requirements (2019)

https://5gaa.org/wp-content/uploads/2019/07/5GAA_191906_WP_CV2X_UCs_v1-3-1.pdf
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1.2.  Automotive Display Configurations and Requirements

The next-generation automobile cockpit is evolving as a result of the trends discussed in the previous 
section. Figure 2 illustrates how new displays are replacing traditional analog instrument clusters, mirrors 
and mechanical buttons for car controls and how additional displays are being added to support increasing 
demand for in-vehicle infotainment services and digital vehicle customization.

These advanced displays are increasing in number, resolution and color depth, as shown in Table 2. It is 
noted that the resultant net data throughput required to drive all of these displays presents a significant 
design issue, and there is little debate that image compression will be essential to future automotive 
display architectures.

Table 2 Example of automotive display types

Figure 2 Example automotive display configuration
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2. Overview of Study

The MIPI DSI-2 specification incorporates the VDC-M compression standard, which can be used to 
significantly reduce display bandwidth while preserving visually lossless image quality. This white paper 
details the method and results of an automotive compression study completed by the MIPI DWG, using 
representative automotive display images commissioned by MIPI Alliance for visually lossless compression 
analysis of the VDC-M standard. 

The international gold standard for visually lossless compression testing is defined in ISO/IEC 29170-2:20152 
(referred to, from this point forward, as the “ISO standard”). This rigorous test protocol is specifically 
designed to test low-impairment compression codecs that have visually lossless quality by using human 
test observers to evaluate a series of reference images vs. compressed images. Members of the MIPI 
DWG implemented a focused test procedure, guided by the principles laid out in the ISO standard, using 
multiple expert observers.3 The test procedure used two test protocols:

 •  “Non-Flicker Testing”—A forced-choice paradigm using non-flickering images, described in section 
3.3.2.1

 • “Flicker Testing”—A forced-choice paradigm using interleaved images, described in section 3.3.2.2

A tabulated test report was then prepared, providing the test results for each image tested using the two 
protocols. 

The study concluded that all evaluated images were visually lossless using the statistical models defined in 
the ISO standard. The full study is contained in sections 3 and 4 of this paper.

It is important to note that the DWG study, which followed the focused test procedure described in this 
paper, is an example of automotive visually lossless analysis. Readers must evaluate their own images using 
the full ISO standard test procedure because visually lossless quality assessment is highly dependent on 
source image content and display configuration.

2  ISO/IEC 29170-2:2015 Information technology - Advanced image coding and evaluation — 
Part 2: Evaluation procedure for nearly lossless coding

3 Three subjects were under the recommended 40 years of age, and four subjects were older.

https://mipi.org/mipi-white-paper-driving-wires-automotive
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3. Study Phases

The study was completed in four phases, as shown in Figure 3. A summary of each phase follows, and a 
detailed description of each phase is provided in sections 3.1 to 3.4.

Phase 1—Generate Source Images: The MIPI DWG defined specific automotive test image requirements 
to enable the evaluation of the VDC-M compression standard. The test image requirements were provided 
to a graphic artist who generated 13 images covering telltale icons, driver instrument display, center 
information display, navigation map and rearview camera display. These images formed the foundation for 
Phase 2 of the study. 

Phase 2—Generate Test Images: The images were compressed using the VDC-M codec at the maximum 
6:1 compression ratio (i.e., compressing a 24-bits per pixel source image down to a 4-bits per pixel 
compressed image). The maximum compression ratio was chosen to test the upper bound of the codec’s 
capabilities to ensure visually lossless quality margin; if 4bpp images passed, then any lower compression 
ratio would also be acceptable. It is also important to note that the flicker testing protocol (described later 
in this paper) provides nearly 2 dB of additional visually lossless margin.4

Phase 3— Run Limited Subjective Quality Trial: The MIPI DWG engaged experts to implement both 
flicker and non-flicker test protocols. The telltale icon, driver instrument display, center information display 
and navigation map images were tested using both flicker and non-flicker protocols, while the rearview 
camera images were tested using only the non-flicker test protocol because of their motion content.

Phase 4—Analyze Results and Generate Report: The study organizers analyzed the results from each 
test iteration, for all observers, and generated a table of final results for each image tested. 

The results obtained from the study are contained in Section 4 of this paper.

7

4 Perspectives on the definition of visually lossless quality for mobile and large format displays (11 Oct 2018)

Figure 3 The four phases of the MIPI compression study

https://www.spiedigitallibrary.org/journals/journal-of-electronic-imaging/volume-27/issue-5/053035/Perspectives-on-the-definition-of-visually-lossless-quality-for-mobile/10.1117/1.JEI.27.5.053035.short
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3.1.  Phase 1—Generate Source Images

In this phase of the study, the MIPI DWG defined the specific automotive test image requirements to enable 
the evaluation of the VDC-M compression standard. A summary of the requirements is provided in Table 3.

Thirteen source images for the telltale icons, driver instrument display, center information display, 
navigation map and rearview camera display were created. Samples of these images are shown in sections 
3.1.1 to 3.1.5 of this paper. Similar images are used by car manufacturers when performing similar tests.

The raw test images, in the formats shown in Table 4, can be made available to researchers upon request to 
MIPI Alliance (admin@mipi.org).

8

Table 4 Summary of source image formats

Table 3 Source image and reference display requirements

http://admin@mipi.org
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3.1.1  Telltale Icon Source Images

3.1.2 Driver Instrument Display Source Images

9

Figure 4 Telltale safety icon source images

Figure 5 Driver instrument display source images

Daytime With telltale icons and “sports mode”’ red needle Daytime No telltale icons

Nighttime With telltale icons and “comfort mode” white needle

Safety Telltale Icons
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3.1.3 Center Infotainment Display Source Images

3.1.4  Navigation Map Source Images

3.1.5 Rearview Camera Source Images

10

Daytime

Daytime

Daytime

Nighttime

Nighttime

Nighttime

Figure 6 Center infotainment display source images

Figure 7 Navigation map source images

Figure 8 Rearview camera display source images
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3.2 Phase 2—Generate Test Images

In this phase of the study, the workflow shown in Figure 9 was used to prepare the test images for Phase 3 
of the study.

The source images from Phase 1 were compressed using the VDC-M codec to the maximum 6:1 
compression ratio (from a 24-bits per pixel source image down to a 4-bits per pixel (4bpp) compressed 
image). As previously discussed, the maximum compression ratio was chosen as the upper bound of 
the codec’s capabilities to ensure visually lossless quality margin; if 4bpp images passed, then any lower 
compression ratio would also be acceptable. It is also important to reiterate that the flicker testing protocol 
provides nearly 2 dB of additional visually lossless margin.5

Stage 1: Reference source images were prepared by rendering directly from .SVG vector files into a 
3840x1440 24-bits/pixel .PPM file bitmap image. 

 •  Four cropped reference images were prepared from each corner of the 3840x1440 .PPM reference with 
a resolution of 1920x720 @24bpp. Care was taken to ensure the cropped references were not modified, 
only cropped.

Stage 2: The VDC-M v1.2 VESA reference codec binary for Windows was configured to compress an input 
reference source image and output a 4-bpp compressed output using two horizontal slices per line. 

Stage 3: All 3840x1440 @24bpp reference source images were compressed using the VDC-M v1.2 VESA 
reference codec binary for Windows. 

Stage 4: The VDC-M v1.2 VESA reference codec binary for Windows was configured to decompress a 4-bpp 
image and produce a reconstructed 3840x1440 @24-bpp .PPM image.

Stage 5: The 3840x1440 reconstructed images were used to prepare 4x cropped reconstructed images 
from each corner to create a 1920x720 @24bpp image. Care was also taken to ensure the cropped 
reconstructed images were not modified, only cropped.

These final cropped images were used in the human subjective trials in the next phase of the study.

11

Figure 9 Test image generation workflow

5  Perspectives on the definition of visually lossless quality for mobile and large format displays (11 Oct 2018)

https://www.spiedigitallibrary.org/journals/journal-of-electronic-imaging/volume-27/issue-5/053035/Perspectives-on-the-definition-of-visually-lossless-quality-for-mobile/10.1117/1.JEI.27.5.053035.short?SSO=1
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3.3 Phase 3—Run Limited Subjective Quality Trial 

In this phase, the MIPI DWG engaged experts to implement the test protocols. The telltale icon, driver 
instrument display, center information display and navigation map images were tested using both flicker 
and non-flicker test protocols, while the rearview camera images were tested using only non-flicker 
protocols because of their motion content.

3.3.1 Guiding Principles for Evaluating Visually Lossless Compression

The ISO/IEC 29170-2:2015 technical standard provides a gold-standard process to evaluate visually lossless 
compression codecs, using human subjective trials to build statistical models indicating whether the codec 
is visually lossless. It standardizes the test protocols, media selection, observer selection criteria, viewing 
conditions, viewing time and test-report preparation required to evaluate visually lossless codecs. 

Guided by the principles laid out in the ISO standard, MIPI DWG ran the two focused test protocols 
described below, which, if passed successfully, would provide high statistical confidence in the visually 
lossless quality of the selected codec.

3.3.2 Overview of Low Impairment Compression Testing

The uncompressed reference and reconstructed images from the previous phase were formatted 
according to the ISO standard-inspired subjective protocol described in this section. This advanced 
protocol is required because the reconstructed version is so close to the original that objective metrics 
such as peak signal-to-noise ratio (PSNR) cannot accurately determine whether the image is visually 
lossless. The PSNR difference equations are too simple and do not accurately model the human visual 
system (HVS). Human subjective trials are required to properly assess whether the majority of people 
cannot see any differences between the original and compressed reconstructed images.

The MIPI DWG automotive compression study was performed with a limited number of participants 
(seven experts) to stress test VDC-M 6:1 compression of the selected MIPI automotive images to determine 
whether a full ISO standard test procedure was required. The MIPI experts followed the focused test 
protocol, guided by the principles contained in the full ISO standard, with additional stringent changes to 
accelerate detection of lossless compression artifacts described in Table 5.

Table 5 Elements of the MIPI DWG test protocol that differed from the full ISO standard
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There are many factors, as described in Table 6, that influence the accurate comparison between original 
and visually lossless compressed images.

13

Table 6 Factors affecting subjective visual quality trials
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3.3.2.1 Test Using Forced-Choice Paradigm with Non-Flickering Images

“Forced-choice paradigm with non-flickering images test protocol,” or “non-flicker test” for short, is a test 
protocol designed to test static visual images. Figure 10 illustrates what an observer would see on a test 
monitor when following this test protocol.

In this protocol, three images are presented to the observer. Note that these images may be cropped from 
the original size to meet the visual criteria required by the standard.

 1. Top Image—Reference original image with no compression

 2. Left Image A—Randomly selected compressed or original image

 3. Right Image B—Randomly selected compressed or original image

 4. Bottom Text—“Please select the lower image that is the closest match to the reference.”

     NOTE: The left and right images, A and B, are never the same (i.e., never both compressed images or 
both original images). They must always be different to ensure accurate comparison with the original 
reference image at the top.

Multiple test observers are exposed to this testing protocol using multiple randomized test images 
selected from a curated pool of images. The results are recorded and correlated as per the ISO standard. 
The final report (see Section 4.1) contains the test results for each image, from many iterations of the test 
protocol, leading to a high confidence in the final assessment. The reader is encouraged to review the full 
ISO standard for further details of the test procedure.

14

Figure 10 Forced-choice paradigm with non-flickering images (non-flicker testing)
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3.3.2.2 Test Using Forced-Choice Paradigm with Interleaved Images

“Forced-choice paradigm with interleaved images test protocol,” or “flicker test” for short, is a test protocol 
designed to test static visual images. Figure 11 illustrates what an observer would see on a test monitor 
when using this test protocol.

In this protocol, only two images are presented to the observer. Note that these images may be cropped 
from the original size to meet the visual criteria required by the standard.

 1.  Left Images—Dynamically interleaved reference and compressed test images in the same position 
changing at a rate around 5 Hz. The video time is locked to the monitor to prevent any screen 
distortions and to guarantee synchronization with the right image.

 2.  Right Images—Dynamically interleaved reference and reference test images in the same position 
changing at a rate around 5 Hz. The video time is locked to the monitor to prevent any screen 
distortions and to guarantee synchronization with the left image.

     NOTE: Randomly, the left image may be interleaved between the reference and reference image, 
while the right image is interleaved between the reference and compressed image. The left and right 
image interleaving must always be different (i.e., they cannot be both left and right interleaved with 
reference and compressed, or both with reference and reference).

Multiple observers are exposed to this test protocol using multiple randomized test images selected from 
a curated pool of images. The results are recorded and correlated as per the ISO standard. The final report 
(see Section 4.2) contains the test results for each image, from many iterations of the test protocol, leading 
to a high confidence in the final assessment. The reader is encouraged to review the full ISO standard for 
further details of the test procedure.

15

Figure 11 Forced-choice paradigm with interleaved images (flicker testing)
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3.3.3 Specific Areas of Focus Applied During the Test Protocols

Expert observers familiar with the full ISO standard test protocol evaluated all the MIPI automotive test 
images and paid extra attention to the key focus areas shown in Figure 12 and Figure 13. These example 
key areas have low-contrast background shading or high-resolution detailed text and graphics designed to 
challenge the VDC-M codec at high 4-bpp visually lossless compression rates. 

Note: The references contained in Annex A contain additional details on the advanced application of the 
ISO standard test protocol for a variety of images.

3.3.3.1 Background Shading and Low-Contrast Areas

Areas of low contrast may contain subtle shading details that should be preserved by visually lossless 
compression. The instrument cluster and navigation images shown in Figure 12 and Figure 13 have these 
background shading areas highlighted by green bounding boxes. Experts carefully evaluated these areas 
using both the flicker and non-flicker test protocols up to 100 pixels-per-degree to simulate a driver’s 
viewing experience. It should be noted that the final automotive application is more forgiving than the 
test protocol used in this study to test these types of areas because the vehicle is in motion and the driver’s 
attention is focused on driving.

3.3.3.2 Detailed Text and Graphics in High-Contrast Areas

Areas of high-contrast text and graphics contain sharp details that must be preserved by visually lossless 
compression. VDC-M compression is optimized to preserve this type of information. The instrument 
cluster and navigation images shown in Figure 12 and Figure 13 highlight these example areas with green 
bounding boxes for extra attention during the flicker and non-flicker visual quality evaluation.

16

Background
Shading

Detailed Text
and Graphics

Figure 13 Key test protocol focus areas—navigation

Figure 12 Key test protocol focus area—instrument cluster
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3.4 Phase 4—Analyze Results and Generate Report

The test protocols from Phase 3 were run over many iterations using multiple expert observers and 
the test results recorded. As noted earlier, the MIPI DWG trials relaxed the viewing distance and time 
constraints to maximize the detection of compression artifacts. Each expert observer used a customized 
test configuration, but all distances and display resolutions were calibrated to ensure a minimum 100 pixel 
per degree visual experience in line with the study requirements as shown in Figure 14. There was no 
restriction placed on the minimum observer distance, and all images were evaluated up to 10 cm from the 
display.

In a full ISO standard subjective study, results would be collected from each observer, and the final 
statistical graph of the type shown in Figure 15 would be generated following the specified ISO standard 
test result format: 

 1.  The Y-axis shows the average percentage of trials in which the reference image was selected. Special 
“catch” trial images would be used with obvious visual artifacts to ensure that observers were 
paying attention, and any observer who didn’t properly categorize these images would be excluded 
from the study. This prevents a result at 0% where observers are not paying attention to the study. 
The total observations are displayed on the Y-axis using the I-bar, triangle and square symbols as 
explained in the diagram.

 2.  The X-axis contains the result for each individual image trial. The position of the observer results 
within the Y-axis determines whether that image is visually lossless, lossy or at the threshold.

17

Figure 14 Observer orientation to the test image
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Figure 15 Example statistical reporting graph (ISO/IEC 29170-2 standard)

4. Test Results

MIPI DWG expert viewers evaluated all images using flicker and non-flicker comparison techniques, except 
for the rearview camera display images. The rearview camera display images were evaluated using only the 
non-flicker comparison technique because of the random noise in the images.

The results were obtained from seven expert viewers—a “pass” indicates that the pass criteria was met for 
every iteration of the test protocol by all seven viewers.

The overall test result using this test protocol was a “pass,” indicating that all the images compressed using 
the VDC-M codec were visually lossless.
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4.1 Non-flicker Side-by-Side Study Results
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Figure 16 Non-flicker side-by-side study results
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4.2 Flicker Interleaved Study Results
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Figure 17 Flicker interleaved study results
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5. Conclusion

The automotive industry will continue to evolve to meet the demands for connectivity, automation, 
sharing and electrification, and system designers will be required to incorporate additional, larger and 
higher-resolution in-vehicle displays. 

MIPI Alliance has integrated the VDC-M visually lossless compression standard into the MIPI DSI-2 display 
protocol, which can help automotive designers to meet this demand for greater total vehicle display 
bandwidth. VDC-M achieves a maximum compression ratio of 6:1, reducing a 24-bit uncompressed source 
RGB pixel to 4 bits per pixel when compressed with minimum impact on latency. 

The image compression study documented in this paper was undertaken to evaluate the visually lossless 
properties of VDC-M for automotive use cases. The study achieved this goal by:

•  Creating a set of customized automotive-specific test images to accurately represent the in-cabin display 
content for next-generation vehicles

•  Using these images to evaluate the VDC-M visually lossless compression algorithm using a focused test 
protocol guided by the principles laid out in the ISO/IEC 29170-2 standard

The test results concluded that all the customized automotive images compressed using the VDC-M 
compression standard met the objective of being visually lossless, demonstrating that MIPI DSI-2 
offers a solution to the growing bandwidth challenges in next-generation vehicles.

This paper may be used by automotive system architects as an example to develop their own VDC-M codec 
quality evaluations using their own specific test material.

Annex A. Recommended Sources of Further Information

Perspectives on the definition of visually lossless quality for mobile and large format displays. 
Robert S. Allison, Kjell Brunnström, Damon M. Chandler, Hannah R. Colett, Philip J. Corriveau, Scott Daly, 
James Goel, Juliana Y. Long, Laurie M. Wilcox, Yusizwan M. Yaacob, Shun-nan Yang, Yi Zhang. 
https://doi.org/10.1117/1.JEI.27.5.053035

75-2: Invited paper: Large scale subjective evaluation of display stream compression. InSID 
Symposium Digest of Technical Papers 2017 May (Vol. 48, No. 1, pp. 1101-1104). Allison RS, Wilcox LM, 
Wang W, Hoffman DM, Hou Y, Goel J, Deas L, Stolitzka D.

85-1: Visually Lossless Compression of High Dynamic Range Images: A Large‐Scale Evaluation. 
In SID Symposium Digest of Technical Papers 2018 May (Vol. 49, No. 1, pp. 1151-1154). Sudhama A, 
Cutone MD, Hou Y, Goel J, Stolitzka D, Jacobson N, Allison RS, Wilcox LM. 85‐1.

3-4: Stereoscopic Image Quality Assessment. InSID Symposium Digest of Technical Papers 2019 Jun 
(Vol. 50, No. 1, pp. 13-16). Au D, Mohona SS, Cutone MD, Hou Y, Goel J, Jacobson N, Allison RS, Wilcox LM.
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Founded in 2003, MIPI Alliance is a collaborative global organization serving industries that develop 
mobile devices and other types of mobile-influenced connected devices. It initially focused on 
specification development for camera, display and modem connectivity but since then has introduced 
more than 50 specifications for a range of other essential needs, including those for connecting 
application processors to modems, audio, storage, sensors, antennas, antenna tuners, power amplifiers, 
filters, switches, batteries and other elements. These standardized specifications have helped to 
facilitate interoperability among component suppliers, simplify device designs (hence, reducing cost) 
and optimize performance and power, while allowing manufacturers to focus on product differentiation 
and reduce their time to market.

Today all major chip and component vendors use MIPI Alliance specifications, with every smartphone 
on the market using at least one MIPI specification. MIPI specifications can also be found in an ever-
broadening array of devices, going well beyond mobile handsets into wearables, medical devices, 
drones, industrial equipment and vehicles. The organization itself has more than 330 member 
companies that reflect the breadth of the mobile and mobile-influenced ecosystem, including device 
manufacturers, semiconductor companies, silicon IP provider companies, test equipment companies, 
camera and display module providers, sensor providers, automotive original equipment manufacturers 
(OEMs) and Tier 1 suppliers, as well as organizations that are developing Internet of Things (IoT) 
solutions.

Organizations interested in joining MIPI Alliance can visit the “Join MIPI” section on the 
MIPI website to learn more.
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