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FIG. 2 



US. Patent Dec. 30, 2014 Sheet 3 0f 80 US 8,924,074 B2 

FIG. 3 

MAIN START 

DETECT VEHICLE 
S400 TRAVELING CONDITION 

NI 
8405 DETECT DRIVER 

OPERATING STATE 

I 
8407 CALCULATE TTC AND 

THW 

$410 
“I DETERMINE SCENE 

7 

S412 DETERMINE LOCATION 

S414 DETERMINE TIME 

I 
8416 STORE DATA 

I 
842° DRIVE DIAGNOSIS 

‘7 
844° EXECUTE ALARM Y 

PRESENTATION 
PROCESSING? S450 

P4 
ALARM 

7 5460 cu E INS c_ Y, PRESENTATION 
TION PRESENTATION 
PROCESSING? y S470 

’4 INSTRUCTION 
PRESENTATION 

—___________I 

T 

I MAIN END I 



US. Patent Dec. 30, 2014 Sheet 4 0f 80 US 8,924,074 B2 

FIG. 4 

STORE READ 

LINK ID LINK ID 
' ROAD CATEGORY - ROAD CATEGORY 

- PRESENT TIME ' PRESENT TIME 

- TRAVEL DISTANCE - TRAVEL DISTANCE 

' FOLLOW-UP CHARACTERISTIC INDEX - FOLLOW—UP CHARACTERISTIC INDEX 
(THW MEAN VALUE AND (THW MEAN VALUE AND 
THW STANDARD DEVIATIONI THW STANDARD DEVIATIONI 

- NUMBER OF TRAVELS - NUMBER OF TRAVELS 

...etc ...etc 



US. Patent Dec. 30, 2014 Sheet 5 0f 80 US 8,924,074 B2 

FIG. 5 

DETECTION 

DETECTION ' ' 

INCREASES 

DETECTION _? 

ALARM 

. . .'. [)'. . .>. 

' GENERAL PUBLIC 



US. Patent Dec. 30, 2014 Sheet 6 0f 80 US 8,924,074 B2 

F:|C3. 63 

START DRIVE DIAGNOSIS 
PROCESSING 

S 422 CALCULATE FOLLOW—UP CHARACTERISTIC VALUE 
OF "THIS MOMENT" 

S 424- cALcULATE FOLLOW—UP CHARACTERISTIC VALUE 
OF "THIS DAY" 

8 426 cALcULATE FOLLOW—UP CHARACTERISTIC VALUE 
OF "USUAL" 

54% MwMMEwm&onwmmNW"mm 
MOMENT" 

3 I430 

CALCULATE DEGREE 0F DEVIATIoN OF "THIS 
DAY” RELATIVE To "USUAL" 

s 432 
CALCULATE DEGREE 0F DEVIATIoN 0F 
"USUAL" RELATIVE To "GENERAL PUBLIC" 



US. Patent Dec. 30, 2014 Sheet 7 0f 80 US 8,924,074 B2 

FK3.7 
Fre uenc distribution 

160003 “.0: - y . . ~ 0.1 

.6 

.5 

(a 
.4 

.3 

.2 

.1 

Time Headway [s] 
1 Cumulative distribution 

i ‘ I %?He=3J9 f 
w) 0 8 i ; f 3 I Z . 

' E I E E i 

0.6 ---- ----------- -a ----- ~: ----- ~~: ----- -~: --- ----- ~ 

: #- i E E 
0.4 ------ -+-- % ----- -+ ----- -i ---- -w ---- "i ----- -% ----- ~ 

0 2, E PIHHHEIIIE E i E 
- F """ "F ‘ ‘ ' ' """" ‘. """" ‘2;:.:::.:.i.;;.:.::.;;.;".1::.:::.::.;i 

0 5 i i i 
0 1 2 3 4 5 6 7 8 

Time Headway [s] 





US. Patent Dec. 30, 2014 Sheet 9 0f 80 US 8,924,074 B2 

FIG.8 

Normal probability density 7 

0. 

0. 

0. 

(c) 0 
0 

0 

0. 

0. 

0. 

0 '1 ‘ ' ‘ 

—2 0 9' 2 4 6 8 
Time Headway [5] 

Norm?! cumulative distribution 
9 --Rmm??b_€E§L- -_-l _ _ - _ _ _ _ _ . . - --J 

(d) 

. 7 
.' -- L | 

-2 o a 2 4 6 a 
Time Headway [s] 





US. Patent Dec. 30, 2014 Sheet 11 0f 80 US 8,924,074 B2 

FIG. 10 

DISTANCE 

_l 
SHORTER AVERAGE LONGER 



US. Patent Dec. 30, 2014 Sheet 12 0f 80 US 8,924,074 B2 

FIG. 11 

HIGH RISK 

DISTRIBUTION 
OF GENERAL 
PUBLIC 

~11 
LOW RISK 

LOW RISK é NORMAL STATE 9HIGH RISK 



US. Patent 

FIG. 12 

S 500 

S502 

S 503 

S 504 

S 506 

S 508 

S 520 

S 540 

S 560 

Dec. 30, 2014 

MAIN START 

DETECT VEHICLE TRAVELING 
CONDITION 

DETECT DRIVER OPERATING 
STATE 

CALCULATE TTC AND THW 

I 
DETERMINE LOCATION 

I 
DETERMINE TIME 

V 

STORE DATA 

TRAVEL HISTORY EXISTS? 

DRIVE DIAGNOSIS 

EXECUTE ALARM 
PRESENTATION PROCESSING? 

EXECUTE INSTRUCTION 
PRESENTATION PROCESSING? 

Sheet 13 0f 80 US 8,924,074 B2 

$550 

ALARM PRESENTATION 

S 570 

INSTRUCTION PRESENTATION 
I 



US. Patent Dec. 30, 2014 Sheet 14 0f 80 US 8,924,074 B2 

FIG. 13 

COMPARE THESE 

Q I v I n o u ¢ - - . - . 

' o u u I n - - . - I u p o | u " 

o u ~ . . . - . . . . n - . - - ' '0 

I Q n I v - - Q - u n - . n . . u o. 

I - - u c I n o u o o n a 1 n a. 

._.' .:[z.: . ... 
GENERAL PUBLIC 

r 
/ 

/ 
L 



US. Patent Dec. 30, 2014 Sheet 15 0f 80 US 8,924,074 B2 

FIG. 14 

START DRIVE DIAGNOSIS PROCESSING 

S 522 CALCULATE FOLLOW-UP CHARACTERISTIC VALUE OF "THIS 
MOMENT" 

S 524 l()igIYQULATE FOLLOW-UP CHARACTERISTIC VALUE OF "THIS 

S 526 
READ DATA 

I 
S 528 CALCULATE DEGREE 0F DEVIATION OF "THIS MOMENT" 

RELATIVE TO THAT LAST TIME 

I 
CALCULATE DEGREE OF DEVIATION OF "THIS DAY" 
RELATIVE TO THAT LAST TIME 

S 530 



US. Patent Dec. 30, 2014 Sheet 16 0f 80 US 8,924,074 B2 

FIG. 15 

DISTANCE 

SHORTER AVERAGE LONGER 



US. Patent Dec. 30, 2014 Sheet 17 0f 80 US 8,924,074 B2 

F'G- 16 

DETECT VEHICLE 
8600 TRAVELING CONDITION 

$605 DETECT DRIVER OPERATING 
STATE 

8607 CALCULATE TTC AND THW 

DETERMINE SCENE 

DETERMINE LOCATION 

l 
8614 DETERMINE TIME 

8612 

$616 

$620 DRIVE DIAGNOSIS 

S 640 

8650 i 
ALARM PRESENTATION 

$660 
EXECUTE INSTRUCTION 
PRESENTATION PROCESS ING'? 

$670 

N INSTRUCTION 
PRESENTATION 

MA IN END 

J 



US. Patent Dec. 30, 2014 Sheet 18 0f 80 US 8,924,074 B2 

FIG. 17 
START DRIVE DIAGNOSIS PROCESSING 

JI 
S 622 CALCULATE FOLLOW—UP CHARACTERISTIC VALUE OF "THIS 

MOMENT" 

S 624 ggIYQULATE FOLLOW—UP CHARACTERISTIC VALUE OF "THIS 

8 626 FOLLOW-UP CHARACTERISTIC VALUE OF 

I 
S 628 

CALCULATE DEGREE 0F DEVIATION OF "THIS MOMENT" 

S 630 
CALCULATE DEGREE 0F DEVIATION OF "THIS DAY” 
RELATIVE TO "USUAL" 

S 632 
CALCULATE DEGREE 0F DEVIATION OF "USUAL" RELATIVE 
TO " GENERAL PUBLIC" 
























































































































































































































