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1. INTRODUCTION

For NEXCO East

Tohoku,

maintaining

expressways in the northeast area of Japan,

snow-ice

maintenance
especially important.

operations are

One of them is Salt-spreading operations.
Close attention is required to this operations.

On-vehicle Salinity Sensor
introduced 6 years ago for assistance in
operations of road-surface maintenance.

System was

- Clarify the outline of the system and

the purpose of the introduction

- Report the actual management condition
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2. Background :Development of On-Vehicle Salinity Sensor System

Salt-spreading operations

Control of salinity is required to keep the
proper saline level.

How to measure

the salinity?

Before:
Getting out of the car, using the hand salinity-
measurement device, taking the solution one
point only -
On-vehicle type, automatically, continuously,
linearly
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3. Outline of system and method of information display

3.1. Outline of On-Vehicle Salinity
Sensor System

Data is transmitted in
real time every 5 sec.

telecommunication
antenna

GPS antenna

display | g =

electronic control unit (ECU)

road surface
temperature
sensor

salinity
measurement sensor

Sensor optically

Instrumentation items:

A measures _the salinity
S contained in the water

Salt concentration (%)

Salt concentration for defreezing (%) .
suggested road surface temp. for freezing (C) Sp I as h ed by th e tl re.
Situation of road surface

‘ System Composition ‘
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3.2. Principle of use of salinity data

. . Salinity %
- To optimize the application 0 5 10 15 20 25
amount of the anti-freezing agent,
it Is necessary to calculate the 4
salinity depending on road- g
surface condition. b
[1b]
- The concept is based on NaCl E
solution state diagram using 7
NaCl freezing point graph. 'c'g
- Note : It is necessary that the NaCl solution state diagram
road-surf_ace IS in a solution state [This diagram shows theoretical
for applying this figure. road-surface condition by the
correlation between the salinity (%)
and road-surface temp. (C) ]
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In-vehicle

3.3. Representation of measurement data
display

Real-time communication & data analyzing B

Currant Data @

Sample of Route software

Car ID [B051 ABC 01711 03:53:35 |

Route 1 -

Datef | 2013701711 | 04:29:00
[Time |

N HASER =@ [43] 43 L= |F

~Current Position -

e Milepost ‘[4 9 Lkm UD-fDown’—up- :

Judgment ] marginal Wateri Wet
~Measurement value
Salinity 8.0 %
- 14.§_KP Up Eoe @ie —gt: FBR % Needed Salinity | 7.4 %
13/01 /11 04:29:00 = - || | Road Surface Temp{ _§ 1 C
i e = (1 iH "d(
BT ¢ 3204240 ¢ 640%480 I i) SugfreezTemp. [ -5 5 T
Measurement Graph @ TD'Emper:fure | -4.9 °C
evice Status
Z i [04:26:31 VoREBIEES F E7 0 < |[o#:29:00 > E[04:43:11 —Curent data Normal |

= [01/11 035335

150 Gurr 01717 035435 = _
sal 10;-.-.! 10 171 doem00 || )
> o el e s e R T = '
%1ls8_ 17 e “"lﬂ-m-v-w,, e ' & #HTs N
i l ' “ ML FsER || N 5
Lt 10 B S S
KP [ 1H7 K16 Hi5 #14 13 B2 F11 Fo ks ks E7 ke 5 Ha K3 b2 314 D{,'?t;‘krl:e
Jdg. [ 1711 ] i ) ,
= H 3 & 1 0km
=[] %1 gl 40 | ¢ 20km
RST. | ’ k i “ ] | CoAn
[QC] _5: ™ L ' R oy o :—5 -

—1 —1(
KP | F17 K16 Bh5 K14 K13 F12 K11 ko k9 ks K7 k6 k5 K4 k3 k2 1 314

Bl
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4.1. Case example of additional application based on data measured by
patrol car

:.||E|-'

Current Data

Fs || Patrol Information -
(= 1| carip[sost D51 ABC [OT/TT(03:53:35 )
S
:
{

Route

Date/ j 2013/01/11 ] 04:38:186
Time

-Current Positigg

ﬂ/.\. . ./-,/ l.!i!epost

Weather : T~ -’\-7// srGinal Water] Wet
. : b oo I — s e = 8 a .Measurement value |
forecast : = e . N0 B )| salinity 6.8 %
— A5KP Up Ene mie e || b E4RTECC 1] o / e :a"mt.: 8.3 g
:38: M RS p oad Surface Temp.] —
SnOW 13/01/11 04:38.16 P s Je : ; B S S -
EgET 1A 3205240 6404480 3 ) ; p =% ey ug.freez Temp. | 4.6 T
Measurement Graph @ Temperature -4_.6 C |
A9 [08:26:31 v BEALEES v Er (0 < [T04:38:16 | > | GIM[04:43511 Cumentdata | [0 Porison bats (=]
ﬂ 15 Gurf- 01/1] 035335 i [ABREIERET) Pt D —
=1 |; oR*==Comp-01 /11 005300 ol || |CarID BD51 ABC | 01/1{( 00:53:00))
sal P, - _— ‘ H = /01711 0053:00 | | | Route | - S
L i pucl s T g = i = 7 Date/ T
At 230 [%1 |5 ferfect = T 4 et B s SR g 2 ______..:‘g[ H-ﬁ%.ﬂ“’:‘-'r5 zt_t;;l; el | 20TS/01/1T [0T:36:22
ot N
addltlonal KP [ k17 Fis Fi15 F1a K13 F12 FE11 ko k5 ks b7 e Hs Fa ka3 b2 K 314 ij:l:e
Jdg. [ [T I Bl | Tl | ‘ | [ LI .
. . [T T T LN 0 AN [ 1 A o T
appllcatlon ﬂ of —T ol iﬁkm Salinity [ 4.09%
RsT. | a2 | :J E: st 'l""f . /||| Needed Salinity [ 4.8 %
[cl |-sH =i S S AN R MY A A T5 Road Surface Temp| _3 2 T
T _18 E_“ Sug.freez Temp. -2 .6 °C
KP [T 17 16 15 k14 H13 F12 b1l k1o ks ks b7 ke s Ea ks ke B F314 Te“fpe"a‘“'e -3.97T

Route software displaying measurement data on Jan 11
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4.2. Case example of deferring of additional spray based on data measured
by patrol car

e — 1 ¥ —|uE]
B DASES =5 [27] 22 = |
——— N Current Data E‘
22:42:50 345.0KP B, RIN—OFOTVTEES 7 ~Patrol Informatian -
hsh |Car ID [BD51 ABC [01/0@ 22:20:01
. |Route | - S ———
At 2340 |Datel 2073/01/02 | 22:42:50
| Time |
additional e
. . . SRR sl = ZEiiTe Wwater| Wet
ap p I ICatI O n ‘ ] . ) § v || Epe 1 ’ 2 Measurement value
/ : L7 @] salinity 0.7 %
g ‘)!_ - . s [
— BA5.0KP Up EEe EE gt e ....L.\E H MNeeded Salinity 0.0 %
13/01/02 22:42.50 = : 3 i < Road Surface Temp. 3.9
BEY (A 320240 © 640%450 : .W‘M = fj . ® Sunfines oD 0.5°C
T / EL Temperature 2.4 °C .
ER[22413 _#REWILES P E7 A 20— ¢ |[77as > & I[TZTB078A _Current data— | [EOTPRIoN Dat2 (=]
+|[5[" curj- 01702 222001 | _—T 5 [01/0222:2001 || Patrol Information /_\)
:i v COTEOT /0 1848 Comparison || | 371D BD51 ABC [01/0R 18:48:43
= 1?)‘1%%?13:43:43; Route | -
%1 FHEELZL Datel [~ 2013/01/02 [ 19:16:26
T TR e B s TR s Time
S - Area (R L L ==}
9 = = = 9 Distance
KP 1345 13544 1343 342 B34 l340 K339 1338 1337 1336 13s5 s
Jdg. | LS Ot L AR T A R T T OO . o 2] -lu-: — - I,,,-,u....‘. = & Skm
T T T T TN T T T T IR T T TN T To T T LTI TITTT T
Jdgi. [ T T T o oo LTI ;;gim G
m - m il
| X S e e SN N N A PN (- — s e |l e 1 20%
RST. = ~ Tl s sk - “ || | Needed Salinity 0.0 %
[Agd 0: 4 5 Road Surface Temp.| 4 T
ﬂ E b Sug.freez Temp. -0.8 C
KP | 345 ¥a44  F3as  Fadz  Fasl a0 Hass  Faas  Fa37  F3ae  Fass Tem_pem“'e 3.7%¢C I

Route software displaying measurement data on Jan 2
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4.3. Visualization of route

By visualization, Route software (web verS|on)

- Vil ﬁuihﬁuu et '
1.The safe condition o . x i e

of the route can be
confirmed,

2.Partial-route
application only on
dangerous points is
possible.

‘ | 9 4 —t 5 R.S.Temp.: 0.5 C
| b VRE HRISILEE w8 -8 AE(lE: 2w Bak

The amount of =N g - | s
application can be | ig = ’“‘v—"‘w" —
reduced, leading to N Rl o
reduction of costand | [ w— = - —
environmental load. o - iy
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5. Securing operators’ safety

The problem of Hand salinity-
measurement device

- Very dangerous to get out of the car on
the road

-  The measured data is not on the road, but

on its shoulder Measurement after
getting out of car

- The measurement points varied
depending on operators.

a

By introducing the on-vehicle salinity SBecause of no need to pull over

sensor system, these problems can the car, operation time can be
be solved. reduced, improving the operation

efficiency and accuracy.
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6. Future vision of continuous measurement system

Salinity control diagram
. . o et o
Automatic spraying by utilizing the 9
1] . . . 7 —_ 8
Salinity Control diagram o 7 0g
. . . o 67

The purpose of measuring the residual salinity |2 51
IS to examine the additional salt application "g o]
timing, sections and amount. g 1] 109

1E 169

EE

T % - 20g

6
An effective method of utilizing this diagram L L A
that considers the measurement data and Salinity on road surface (%)
regional features is currently considered for
trial calculation of the additional salt Salinity Control Diagram
application
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7. Conclusion

- By utilizing the continuous salinity measurement device, road-surface
condition can be monitored linearly in real time.

- By utilizing the measurement data, a new approach to the optimum
spraying operation considering safety and efficiency has become
possible.

- To assist in this operation, it is necessary to improve the device, for
example, data can be measured at the areas where there is little water
splashed by tires, the sensor should be downsized, other functions
should be added, and so on.

- Establish the new scientific road-surface maintenance method of
expressways for the support of winter road management.
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