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ABSTRACT

The platooning refers to a form in which one or more following vehicles along the path of the
leading vehicle(directly driven by the driver) drive in one platoon using V2V, V2I communication
and vehicle-mounted sensor. Platooning has emerged in line with the increasing demand for cargo
volume and advanced transportation logistics systems, and is expected to have effects such as
increasing capacity, reducing labor costs, and reducing fuel consumption. However, compared to
general passenger cars, research on autonomous driving of trucks and verification of their effects are
insufficient. Therefore, in this study, meta-analysis was conducted on the theme of the effect of truck
platooning, and the results of existing studies related to platooning effects were integrated into one
reliable, generalized, and objective summary estimate. In conclusion, it was analyzed that the
introduction of truck platooning would have an effect of 13.93% increase in capacity, 38.76%
decrease in conflict, and 8.13% decrease in fuel consumption.
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1. ¢i529] 4
13HRl= 57| A (Statistics Korea)2] KOSTAS A Z2 2o w2 2013 A 5-E 20181 7HA] 610 AZ 2AF
3, S SEFEREEE T FE(public road), F S LEO] AR S HIEL oF 91.6%E wl¢- EOH, o
Azto] Egol wt A&A STk FAE Holal itk ®=3h stEAbEA 55 i JA 2015W
3,432,937t el Al 2018'A 3,590,939t, 20201 3,615245H = ¢ AF 1.04%4 5397 °F 531% F718ISATh
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(Go et al., 2016). o]H T A& 7|&9 F&3} ARHoE FRFYo| FL U=
o, #HFHL 24T D AU 23 Ao 7]<(longitudinal and lateral control system) % V2V(vehicle to
vehicle)9} V2I(vehicle to infrastructure) 541 7]&& 7|92 o] Foi2]7] W&o $HAEFH(Lvd/aHd =
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2019). 15 dH-gHo=z FEI 7
AARZT gl ARE gE=
[e]

W EHEA (Meta-analysis) 01 2, A FAIE =29 o2 A9 71& AT AFAE FF3 she A#s)
dutslyE A2 = QoF FAX|(summary estimate)S E=E O 2N T3 L IS AHFH O T Hrst=t| o
L5 = 54 78S ©3th(Kontopantelis and Reeves, 2009; Kang, 2015). 7]& A7 A8 A o] FYLA
2T S, 2 FARE YA AFolA Aol At Tt st aoF 4
+ AHol AtUin, 2015). B2 AT AAE THHOE Iuislshy] wiwol AE AFET ®E9 A7V}
AA, Bo} A= 3 FAA AS5Ho| ¥ AHE 4L 4 Uth(Pillemer and Light, 1980). YRHH o2 1
B T MEATY 8oF FAA BF, MWEATY 7HEA A, 71E W (weight average)= ©| &3
oF 342 EE9 HAHFOE o] FolXi}
soldt, ALHE 2n) ol Aol dhtel FRE o] Fo A AA E vav, V2 BAlES &85ty
TE Aoy FYshe= AL LIATHYun et al, 2016). THFY F FF AFEL A
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Selection of analysis topics . . .
& Collaction of existing studies Meta—analysis & result interpretation
@ Selection of analysis topics @ Meta—analysis
= Selecting of research topics = Estimating the effect size
= Setting the temporal, spatial, and = Heterogeneity test and selection of
content background of the research statistical model
‘ = Estimating the integrated effect size
@ Collection of related existing studies * Reviewing the publication bias
= Collecting existing studies suitable @ Result interpretation
for the subject of analysis
= Preparing of basic data table for = Analysis estimated integrated effect
meta—analysis size and interpretation of results

<Fig. 1> Analysis process
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293718 FHs= HEEE odds ratio family(5-4H](odds ratio, OR), 3t 28 E(relative risk, RR), 3
ZHrisk difference) 5), D family(*d T XH(mean difference, MD), ¥F38}8 ¥ X}(standardized mean difference,
SMD)) o] &A% THKang, 2015). S4Hl= Hlwstaa}k st F e 3 BAE TG GOE, ARxlol
WAYSEA] ks FEOl thE Aol BT &, A HEEw tEF Dcontrol group)oll A Abxdo] A

X

5o i3k g3 tHexperimental group)oll Al Abzio] @AY &, 9 ‘di}(t’“@ H-& zo|gtis EdHthE
AR ol A Ade] HAE G5 2 ToA Ado] WA gEof gk Aol & Tt} PEAke A
AT AP AT HH BARGY ARA-ALE i 3 e 9vlshy BEsE Fdake HEAE 28

AR ke ge oJnjdi,
# A7 Bae PAFYS APFORA BYSHE BB Shie) YuE ATE FRSHE Aol
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71E d79 dde #HFY = A5 a3 F4E FHE g9 veps a3 Ax F 4 A
To At ARG 2P| FAE vludte ARE AAE Aol AHgshe SAHE ARSET
(Yun et al,, 2016). SAHIE E=Z38h= 24> <Equation 1>3} ZTHOh et al, 2017).

odds ratio = 1’%}) ........................................................................................................................... )

where, p =probability of occurrence

ShE ARG 2 Aol IAE FA3IR FOF, 15 VO R slo] AV 1R F A
8207 T ME EH7} k] BA|, 1R 2L - 8217 TJ6 wE B} 9] AA Atk A5
AR YeRd 83937171 0Y A9, 40 AMSE AT A T ABAd o] e oW gtK(Yun et al., 2016).
2 AFAME= Uﬂﬂ"ﬂ"“ﬂ A E B23tE AT JHE A 85kt AL vlastaat sk

f grolgtd, FE3ke AdATE T 1Y A5 3 AAAs YErF e
< <Equation 2>%} 2T}

OR*—1
— TR (2)
OR?+1

where, r= standardized correlation coefficient
OR=o0dds ratio
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7ﬁ(homogeneny test) O] TH(E LS ujo]y FTHMT th=2th. o]d Aol WEIEA S B3 Tt 5=
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o 22 bR E FostEE F REFY FHX| F "AE AXA ETHKang, 2015)

AT 7t o]AA S BAKOE HAgshe o 2 %E]“ W E9 2 = Cochran’s Q-test, Q-statistics, Higgins® 1?
statistic 5©] %1tk Cochran’s Q-test= T E AT ol Hlast] HA Yol AUXA daFs TETE 7]
= A7} 4 228 (Kim et al,, 2020; Yun et al., 2016), Q-statistics®] 74 /NE &3 =70 W2 EA 3
o] WislZo] Hof o]dy HA A HAHo] W& Utk EAH ol A71E vk AthKang, 2015). Tk &
ATolAE o)A AAES 914l Higgins' I? statistics Z-8-3F3AT Higgins’ I? statistic Q-statistics 283}
oA S Al hS T th(Kang, 2015). 4o F ARHY vwstA S w, TR I 23 FAZCI
FEFS W7 gethe Aol Aok A7t oA S FAse ATt ] FHE AS 0% SAGke]
25y, o]d33 vEste BAge] A AANE FEs Btk dutdo g FAgko] 25% olstd -
wo o)A, 75% o1 AF =2 oA, I Ae] #Y A < Uit 843} (Higgins
et al, 2003), 50%E 7IHOE I* gto] o|lit} A& A IAHEARY, F A5 WAPEARFYS ARSI
(Kang, 2015). Higgins’ I* & =&3= 42 <Equation 3>3} ZTH(Yun et al., 2016).
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where, Q=? statistics
df =the degree of freedom of x?* statistics

ol Yle gAEt= WHESCZE 319 1F E(subgroup analysis), ™ EF-3] 7 %2 (meta-regression),

=
T B (sensitivity analysis) 5°] ATHKang, 2015). 3+ 1F £4L o|AAS AN = HULe Tt
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at7] flsl, AT Aos g3He d771E wo sk¢l AFoR RS, 4 Is W HlalE
ojdidel e ottt wER-I AR 2 ek JAEHo] AR dHE, #HT AT
(covariance)& &-&3to] T A7)0 tht FFE4 & AAseE As ke 2
HebE A S Agshe oA A7 AU AElEe] 28zor =39 axar)d v dFHE &
=3
X

M3, 7 delo] Azl 2 G MASE B AL

=2

5 uAFEaRRy xx dAP9aNRLy F WerEs
e AFH ol dntste shte] 9ok FHA, & F
2 02 7HE A (weighy & 28314 HEd A7) 7,
9 A 7

i

b

= 8o Z7)9 Wt 71EA T AL B 277} AL AT A9 thFm Ao ula) Selo

o3 Y= e FEo] w7] WEol A7 Aol gl "HofA= Aol 7] Welnh wetd F
2

100% 7FsAE A7 Rl wet oA o2 FofshA Etk(Kang, 2015).
4. oo HE

Z 7+ o] (Publication bias)3, SAIZ 2 Fou|d AFLFE A EdH 3, 184 && H$ ETHXA
LatH A B steE HES dEtHKim et al, 2020). HEHEAS Q8] 71E AT ARES FHT| QoA A

ZRUE RS PH F S, 7] T (umel ployd ol 8% A2 AHo] UrkKang, 2015).
27 399 xFS BRI, yES EEBAE UIATh FBUL EASA G A%, wEe 21}
2 AFUST yE A 2ol 27k e ATUSF yF SHelo) WA LEAT £,
AZH o TR m xFol $H 08 YAHE B3] fof YA thal Y AT BRI Y
Yol wolok wi Yol Arky STk 1Y A7) Feho] He 05% NHTNE olvishui, 41z
T2 890 ol SIA AFE MEYe] gk ANT & Atk

M. z2tg 3 % 712 dolg 75

AT e tig we RS FaE)d A, B4 &83517] 93t 7Ed AFE #3FY

ATE AL #HH 7€ AT FHE A 719=R LT3 (platooning)’, ‘SHEAF LT
gY(truck platooning)’, ‘W2~ T FY(bus platooning)’, ‘&I (effects)’, ‘G &F(impacts, affects, influence)’, ‘]
(benefits)” &= AH&stR o™ F3 A7 W& HelE & 9 2 77 3 =7 9 RuAE
AARSAT A7 ARF He= 20009 o] £E A 22000 ~2021d, F 221), FHA M= &
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22 A4St

Ao r TP Aol HEd FYe] AT F 75/ME FREAoH £ #AE V€ A7 F
A& <Fig. 2> 18]3 /| 8% <Table 1> ZTh
<No. of studies by year> <No. of studies by test environment>
12 0 16 14
g 10 é 14
s S 12
2 g 2
é 6 © 10
5 6 5 8
Z . I 26
5 o 4 3
S 2 1 g
: zz ]
0 0
o 0
q/QQP‘ r&@ N 2 (v@') Simulation Field
'\Péa f@@ %Q\Q m@h @@
<Fig. 2> Statistics of related existing studies
<Table 1> Qverview of related existing studies
1 T
No. Authors Year Vehicle Sal.np ¢ . et Effects
size environment
1 | Alzahrani A. 2019 truck 20 simulation | capacity, conflicts
2 |JoY., Lee S. and Oh C. 2018 truck 5 simulation capacity
3 |Harwood N. and Reed N. 2014 truck 20 simulation capacity
4 |Jo, Y., Kim, J., Oh, C., Kim, I. and Lee, G. 2019 truck 5 simulation capacity
5 | Van Maarseveen S. 2017 truck 20 simulation capacity
6 Wang M., van Maarseveen §., Happee R., Tool O. 2019 truck 20 simulation capacity
and van Arem B.
7 Sethuraman G., Liu X., Bachmann F. R, Xie M., Ongel 2019 bus 30 simulation conflicts, .
A. and Busch F. fuel consumption
8 |Davila A., Aramburu E. and Freixas A. 2013 truck 5 simulation conflicts
9 | Al Alam A., Gattami A. and Johansson K. H. 2010 truck 3,313 field fuel consumption
10 | Alam A. 2017 truck 30 simulation fuel consumption
11 | Browand F., Mcarthur J. and Radovich C. 2004 truck 38 simulation fuel consumption
12 | Kagenaar S. and Mingardo G. 2017 truck 760 field fuel consumption
13 |Liang K. Y., Martensson J. and Johansson K. H. 2014 truck 7,634 field fuel consumption
14 McAu.hffe B., Croken M., Ahmadi-Baloutaki M. and 2017 truck 52 simulation fuel consumption
Raeesi A.
15 Emgezm H. Shiadover §. E, Lu X. Y. and Chou| 10 | e 5 simulation | fuel consumption
16 | Tsugawa S., Kato S. and Aoki K. 2011 truck 5 simulation fuel consumption
17 |Lu X.-Y. and Shladover S. E. 2011 truck 8 simulation fuel consumption
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TRFYL] Aol IS F= 84 MPR(market penetration rate), w5 W A, 7 1t A, FY &=
ol lom, o]fd ajle of YA A=l met Fs] B2 Alue| et AAE 5 ok wEbA sk
o AT WA e A9 3 Aue ez Az 3 Aolrt sle o ok o’ Aue s 25 2ok}
of yehfiZlolle 1 ol ¥iistez, APE 212 Faedd AAE 4 A7 Fxshd Aok e
< 71 A7 3 Y 0] TdskA ¥Hal = she] 2o FAHAE =2  Avk= AAe] Stk £
ATolA mEHEA Al 83 71E AT A AlEEold B dRAE e detvlE pgol FdEkA FAIN,
ojet #Aglel A AFHE FEY F Avk= o] viEkEA 9] AHolA E4 WHE A olfrelth

T 712 AT F viEHEA ] 7hed A8 FHUith MEEAC] s ATE £FE e

[

B2E A7 &89 282 A/INE ¢ ==
T e AF Tl it #d VIE A7 1 A, 1749 AT7E vEREYCl 28T o= AAs)

k. shtel AT ol AveEleR HEE FPst] AANE TRV A%, BE AU eE 48RS
A7 A% TR oA PHO i

2. 7% HOIH 7=

71 AT F3 Ay g18o] FE3) FRH 8 (capacity), “35(conflict), A5 4~H] F(fuel consumption)=
Ao a3 B gQlo g AASAT A4dE &3 8907 #d3ty 71E AFdA 228 AT 23
HEREA o] &8317] 3l 7haske #gol Basith mEHTA o= vlolEle] 3 wet aRar)E
UeElll= T2 54 (odds ratio), £53+8 ¥ X} (standardized mean difference), 3 $1 8 S (relative risk)
T A B A7 e 21T Y Al mE E9E FAE WEHEA S AYsiezE, B 59437 F
Aol A tix=7 e 4] v A E85HE e EESE F3AT FEHE AR A THYun
et al,, 2016). WIEHEAlE 913 71 dlolE 5 Z#9| A= <Table 2>9F 2T

M =

<Table 2> The result of basic data table of the capacity factor (e.q.)

Num N r
Alzahrani(2019) 20 0.01924
Alzahrani(2019) 20 0.02062
Alzahrani(2019) 20 0.02382
Alzahrani(2019) 20 0.02382
Jo et al.(2018) 5 0.02200
Jo et al.(2018) 5 0.02223
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0.0%= EZFo] 4o &858 A7 o|FAo] Sl ALZE eyt weix] 1HZARH S &85
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<Table 3> The result of deriving the integrated effect size of the capacity factor

Effect size
No. of Integrated effect size 2 Publication
i 1 I 1
previous studies (k) Integrated effect size ek (odds ratio) bias pvalue
() upper lower
57 0.0326 0.1193 | -0.0547 1.1393 0.0% 0.5895 0.4644

Ay B4 AAf pvalueZt 04644 ol M9l Aol fIXIste] B4 o] frofshA = AEge o
ATk ol /AT E3ar] 8w T7]9h wo] gint dwbHo g, gio] 277} AL A
719] #EF 2 Kstandard error)i= AT & 30191 3 AT, F 3134271 %kOI e 89 ﬂlSH L
A A3 g2 7] A Zof ofe A3t =EE A0R KA
AfE A ER, BE golH 7]k £4 47} o 23+ Q 94 G JM ﬁ% 717}
N=7,63421 Zlo] W3l & 29le] F& A7]& N=5~N=20 FF22 &8 2919 B& 7|7} Az o= v
2SS & F ol
2 A

. &E 20
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4% 293 BEst] 9 V€ AT AR FRe F 100010 eH, HEREAY 43 A= <Table
4>9} T} Higgins’ I°S o] 83+ o] @4 AR A}, &% 803 v R #348 A7 7k o]ddo] itk
HEE(*=0.0%) YA EHEG-S At BA4S st EE3HE AT Eéﬂh?—_ zd9 5%
aRa7] FAAE 012200190101, o]& F4HRle] FEE SH4kstE 061249 Fho] EEHT o]+ &AL
TAFY =Y A, =9 o)A} nlmde u oF 38.76%2) 4% T4 ) e AUli sAg = ok
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At gEER AE A9 8 87 9 24 94 g2 287 wEel] 45 29 4 A &89 7
Z AT A9 3 o] Aoz FAFY anE Fydshed FEAL 7HsAe] Atk A=
£ 89l wEeHEA o &89 AT Ao 4] HHE-E 00336 A Aol vlE), dF 821 B &
&8 A B2 01259 FEoE ¥wd 1 Aoigto] Atk webd T3 EFHAV|= o] HlEst H
WA A =9 AoF RBlth

<Table 4> The result of deriving the integrated effect size of the conflict factor

Effect size
No. of ; Integrated effect size 3 Publication
previous studies (k) Integrated effect size 250 (odds ratio) I bias p-value
() upper lower
10 -0.1220 -0.0234 | -0.2624 0.6124 0.0% 0.2822 0.0999

* 65709 A zHE BAE 72 AT AHE FPG0oH, WEHEA 58 AT <Table 559 2
o 9 % &3 923 FYSA P ghol 00%0.2 =EF o] B4 A4 BAH nYor vYERRYS
Aestgon, BAS B3 =29 2E3E 4AT oo §3F &7 0021201t o]F S
HelZ el 091872, TRFY £ A7 T2 wwatgle o oF 813%°] A= 2nF ¥ &I U
Ehgd AR 4T 4 Atk AU HE A, pvalue’} 007712 EFF o] B HEH] gle Ao
skl o 249 p-value(<0.000) = ol 95% Mool st 24 A7} fovdt Ao 2 e
Wk

l

<Table 5> The result of deriving the integrated effect size of the fuel consumption factor

effect size
No. of - Integrated effect size 7 publication
previous studies (k) Integrated effect size 22 @l (odds ratio) ! bias p-value
® upper | lower
65 -0.0212 -0.0114 | -0.0310 0.9187 0.0% 0.0771 <0.0001

AE &9FF 8219 A5 vEEA e &8H AFY F 65U E &% 8G7)H & Ael7 itk O
Hu} 71E AT 6570 EEL] Z7|7F N=5, N=8%] A7 AlEHodS &83 A5 E N=7,634, N=3,313
A Uine Y AA7A teFstA $3Ee, e F 8 Bnde v AUFeR =& 5AF F9
Aol =&H Zog Kol

V. 2 9 FF o7 34
1. &=

A& o2 Susol sjdsof o= 7 T F8UF UKL s @AY FAC %50, S=
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