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Abstract: Offloading, which is the remote execution of in-vehicle applications on a server, is expected to
reduce power consumption and development costs of in-vehicle devices. Many in-vehicle applications re-
quire low-latency response from the server, but the mobile communication delay between the in-vehicle de-
vice and the cloud makes it impossible to perform reliable low-latency response. With the advent of MEC
services, it is expected that offloading to edge servers will enable stable execution of offloading. However,
offloading to the edge server should be kept to a minimum, since the edge server has limited resources
available compared to the cloud. In this paper, we propose a framework that selects the offload target of
containerized applications for vehicles among the in-vehicle device, edge servers, and cloud servers. The
cloud server is selected as the offload destination while the average response timeof the cloud server is be-
low a certain threshold, and the edge server is selected in other cases. This framework is implemented us-
ing Kubernetes and container virtualization technology. Experiments for offloading applications that re-
quire response within 100 ms show that our framework reduces the error rate of offload response time by
up to 91% compared to the conventional method.
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Fig. 4 Experiment environment.
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Table 2 Experiment parameters.
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interval cjient 1%
interval probe 1%
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Fig. 5 Changes in response time (au line).
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Fig. 6 Changes in response time (Softbank line).
K3 TTVT = a3 YFEATGIOEEG LISERH OMFHEDS L ORIl (au BI#)
Table 3 The percentage of application execution locations and the expected and median response times (au line).
oS K — FATHmOEE IR
RR=Y | ZoY | Tr—IbNv 7 timeout Cloud | Edge | Vehicle | Error HAREiE HrLfE
au-(a) H H 100 2 UM | 91.8% | 2.2% 4.6% 14% | 854 IV | 847 I VH
au-(b) H H 5308 | 51.7% | 12.5% | 18.4% | 17.4% | 64.6 S VR | 744 I VP
au-(c) a i3 100 VB | 91.9% | 3.5% 0.0% 46% | 86.7 IV | 848 I UM
au-(d) fa i3 53IUF | 525% | 13.4% | 0.0% | 34.1% | 785 IVf | 80.2 I UP
au-(e) i3 f 100 S U | 89.6% | 0.0% 5.0% 54% | 84.6 IV | 84.4 IV
au-(f) i3 l 53IUF | 46.7% | 0.0% | 32.0% | 21.3% | 62.6 IV | 755 IV
au-(g) i Bl 100 IV | 89.2% | 0.0% 0.0% | 10.8% | 95.0 I VA | 862 I UK
au-(h) b3 1 5 IV 48.1% 0.0% 0.0% 51.9% | 62.6 IUF | 755 IV
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K4 TV —Ta YFEOAYIOEE LISERHOBFFES L OHPE (Softbank [lH)

Table 4 The percentage of application execution locations and the expected and median response times (Softbank line).
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sb-(b) H ol 753U | 29.8% | 44.0% | 19.3% | 6.9% | 50.5 IUF | 35.0 I UM
sb-(c) f il 100 2 V# | 65.6% | 12.5% | 0.0% | 21.9% | 84.3 IVH | 818 I UM
sb-(d) H Eii 75 3UF | 31.1% | 45.9% | 0.0% | 23.0% | 56.7 IVUF | 36.7 I VP
sb-(e) I H 100 IV | 52.7% | 0.0% | 39.7% | 7.6% | 65.8 UM | 73.9 IV
sb-(f) Ing H 75 IV | 263% | 0.0% | 65.8% | 7.9% | 435 IUF | 243 I VP
sb-(g) bl Bl 100 S VB | 62.4% | 0.0% 0.0% | 37.6% | 93.1 I VUM | 854 I VP
sb-(h) e pil 753U | 26.1% | 0.0% 0.0% | 73.9% | 89.0 IVUM | 799 I VP
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