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TOM TAT

Puong b la cong trinh dang tuyén, thuwong chay qua nhiéu dang dia hinh khdc nhau nén
kich thurée hinh hoc dé bi thay doi. Con dnh vé tinh dg phan gidi khéng gian cao la nguon dnh dé
tiép can; ddc biét, dé theo doéi su thay doi kich thiede hinh hoc mdt dwong bé chi can sir dung 1-2
canh anh, thao tdc xit Ii don gidn, nhanh chéng. Bai bao ndy, trinh bay két qud phdt hién nhing
thay doi vé kich thudc hinh hoc mdt dwong bo khi chong xép dnh vién tham dé phdn gidi cao
SPOT-5 lén ban vé hodn cong dwong bé tuyén Quoc 1 6 bang GIS. Sau do, do dac truc tiép ngodi
thiee dia bang céng nghé GPS dé kiém chirng nhitng két qua trén.

Tir khoa: anh vé tinh d6 phan giai cao, kich thugc hinh hoc dudng bd, Quéc 16 6.
ABSTRACT

Application of high-resolution satellite imagery in distinguishing the changes
of geometric dimension of roads, a case study in Hoa Binh province at some sections on Highway 6

Roads are linear works and they usually run through many variety of different terrains so
their geometric dimension ared changed easilly. High-resolution satellite imagery is an accessible
source, specially, in order to monitoring the changes of geometric dimension of road, they can only
use 1-2 scenes with simple and fast operations. This paper has presented the results of the high-
resolution remote sensing image application in detection of changes in geometric dimension of
road in GIS. Then, these data were compared with GPS data to verify the results.

Keywords: high resolution satellite imagery, geometric dimension of roads, Highway 6.

1.  Diatvan dé

Trén thé giGi, st dung anh vién tham dé phat hién nhiing thay d6i vé mat kich thudc
hinh hoc caa dudng bo 1a mot van dé khdng méi. Cu thé, anh hang khong den tring ma sau
nay 1a anh hang khong hdng ngoai mau dugc dé& xuat sir dung trong thiét ké, quy hoach
duong bd boi nd cung cip day du thdng tin ma ho can, tir: vi tri cac tuyén duong, khu virc
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sat 1, thong tin do dbc, do nghiéng... cho dén khu vuc dam lay, hé thong tudi tiéu, thoét
nuéc... — nhitng dau hiéu c6 thé qua nho hoic khong thé nhan biét duoc trén ban do dia
hinh [1], [2], [3]. Bén canh d6, cic nha nghién ctru ciing khang dinh anh hang khéng, nhat
la anh mau s& 1a tu liéu rit quan trong trong phan tich hé thdng giao théng duong b & Mi
bai tinh cap nhat, tac thoi caa nd [4], [5]. Bricker (1972) su dung ba loai anh hang khong:
Anh den tring, anh mau va anh hong ngoai mau trong vach tuyén duong, thi diém trén 3
tuyén duong khac nhau ¢ Canada. Qua thyc nghiém, Bricker rit ra rang, cac ving dat kho,
am wot va céc loai cay dé dang doan nhan dugc trén anh hong ngoai mau, cat va da soi rat
dé nhan biét trén anh mau, qua d6, ching té anh mau va anh héng ngoai mau cé nhiing wu
thé hon hin anh den tring [6]. Con Edwards (1973) lai lap ban db dia hinh tir anh Iap thé
dé phuc vu cho thiét ké duong & Anh, nha nghién ciu nhan thiy cac yéu té cé thé anh
huong téi @6 chinh xé&c cia ban dd nay, d6 1a: ti 18 va d6 phan giai khéng gian caa anh
hang khong, hé thdng may chup anh, kinh nghiém cia nguoi giai doan anh va loai anh
dugc st dung [7]. Jordan va T. R. West (1975), Beaumont (1977, 1982) danh gia hiéu qua
khi sir dung dong thoi cac nguon anh: anh vé tinh Skylab, anh vé tinh Landsat va anh hang
khong den tring. Sau khi ap dung ki thuat phan loai khdng kiém dinh dbi véi hai loai anh
vé tinh, cac nha nghién ctu thdy rang dir liéu anh Landsat MSS véi 12 déi tuong duoc
phan loai va anh hang khong véi 15 ddi tugng dugc phan loai rat thich hop trong thiét ké,
vach tuyén duong ¢ An Do [8], [9]. Beaven va Lawrance (1982) dwa ra mot quy trinh
thanh lap ban d6 dia hinh hoan chinh cho viéc lap ké hoach va thiét ké duong cao toc tir
anh hang khéng va anh vé tinh Landsat. Ho dé nghi nén sir dung thém céc loai ban db
khac, nhu: ban d6 tho nhudng, ban do dia chat, ban do dia hinh, ban do quén sy... dé nhan
dién nhitng tuyén duong c6 thé thay thé, nhitng khu vuc xay dung chién luoc... nham tham
dinh hanh lang tuyén dudng va chon ra duoc tuyén duong tét nhat [10]. Lawrance va
Beaven (1985) di tong quat mot sé truong hop st dung anh vién tham trong ki thuat duong
bo & mot sé qudc gia dang phat trién. Vi du: anh Landsat da dugc s dung dé kiém tra
trong giai doan khao sat dja ki thuat dé lya chon hanh lang tuyén duong & phia Bic Kenya.
Hay trong nghién ctu hanh lang tuyén duong Pong Tay & Nepal, thong tin lién két gita
hanh lang tuyén dudng véi mat cat doc sdng, vat liéu thi cong duong... dugc phan tich tir
anh hang khdng. Cac cudc khao sat str dung anh vién tham dé kiém tra vat liéu xay dung,
d6 ddc suon ndi, nguy co 1 lut tai mot sé dia diém khac ciing duoc dé cap téi [11]. Nhin
chung, cac nghién ciu nay chir yéu st dung anh hang khong va anh vé tinh Landsat trong
thiét ké, quy hoach duong bo ma khong dé cap téi viéc theo ddi, phét hién nhimg thay doi
vé kich thugc hinh hoc mit duong bo.
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Trong nhitng ndm gan day, voi sy phét trién khdng nging cua cdng nghé thdng tin va
cdng nghé vii try, nhiéu nha nghién ctru da lua chon phwong thirc st dung anh hang khéng
chup tir may bay khong nguoi lai (UAV — Unmaned Aerial Vehicle) dé 1ap ban d6 dia hinh
phuc vu quan Ii dudng bo [12], [13], [14]. Chi can hai gio dong hd dé khao sat duong, mot
hé thong ban d6 duong bo thoi gian thuc cung véi kich thuéc hinh hoc cua céc tuyén
duong s& duoc xay dung tir cac hinh anh chup duoc [15], [16]. Xét vé hiéu qua thi cac
UAV c0 hiéu qua st dung t6t hon, thoi gian su dung linh hoat, chu dong, chi phi kha thép,
cac dir lieu thu nhan dugc co do phan giai khdng gian rat cao song viéc xu Ii di liéu noi
nghiép rat nhiéu va tuong d6i mat nhiéu thoi gian. Trong khi do, tuyén Qudc 16 6, doan tir
K118-K142 thudc dia phan tinh Hoa Binh dugc xép 1a tuyén duong cap 111 mién ndi, voi
d6 rong mat duong 9m, viéc sir dung anh vé tinh SPOT-5 c6 d6 phan giai khéng gian cao
(2,5m) 1a mot viéc lam kha thi; bai 18, viéc phét hién nhiing thay d6i vé kich thudc hinh
hoc mat dudng bé chi can st dung mot canh anh, céc thao tac xu I don gian, nhanh chéng,
dé tiép can dugc nguon anh nay va chi phi ciing kha thap.

Theo quy dinh & Viét Nam, ho so cudi cing phuc vu cho quan li, theo ddi nhitng
thay doi vé kich thudc hinh hoc ciia duong bo 12 ban vé hoan cong duong bo [17]. Mdi khi
xay nhiing thay doi vé kich thudc hinh hoc ctia con duong, don vi quan Ii thuong phai di
diéu tra, do dac tryc tiép ngoai hién trudng, sau dé, bao cao xin y kién chi dao khic phuc
va cap nhat vao hé thong sé liéu quan 1i (theo béo cao tai Cuc Quan Ii Budng bo | thudce
Tong cuc Puong bd Viét Nam). Viéc nay mat nhiéu thoi gian va co thé bi gian doan boi
diéu kién thoi tiét, mat do cac phuong tién luu théng... Do d6, viéc tim hiéu va ap dung cac
loai anh vién tham da thoi gian va c6 @6 phan giai khong gian cao sé& la mét giai phap thay
thé c6 tinh hiéu qua hon vé mat kinh té.

2. Khu vuc nghién ciru va dir liéu
2.1. Khu vuc nghién ciu

Khu vuc nghién ciu 12 tuyén Quéc 16 6, bit dau tir K118 — K142 thudc dia phan tinh
Hoa Binh. Tuyén Quéc 16 6 di qua tinh Hoa Binh dai khoang 125km, ndi lién Ha Noi,
d6ng bang Bic Bo vé6i Tay Bic va Thuong Lao [18]. Giao thuong twong d6i thuan loi, tuy
nhién, do Hoa Binh Ia tinh c¢6 dia hinh ndi trung binh, chia cit phac tap, do déc 16n nén
hién tuong sat 1, sut 1an... do thién tai xay ra kha thudng xuyén, diéu ndy anh huong 16n
t6i kich thudc hinh hoc cua nén duong bo ciing nhu doi séng cia ngudi dan noi day.

2.2. Dirligu ban dé dia hinh

Ban dd nén dia hinh ti 16 1:50.000 toan tinh Hoa Binh, bao gdm céc manh ban db dia
hinh c6 phién hiéu F-48-66-D, F-48-78-B, F-48-78-D, F-48-79-A, F-48-79-B, F-48-79-C,
F-48-79-D, F-48-80-A, F-48-80-C, F-48-91-B, F-48-92-A, F-48-92-B, dugc thanh Iap nam
2005, tai Xi nghiép Po dac Anh dia hinh — Bo Tai nguyén va Moéi trudng duoc sir dung dé
lay céc théng tin vé mang ludi giao théng trong khu v, ranh gidi hanh chinh.
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2.3. Dirligu bdan vé hoan cong dwong bé

Ban dd hoan cong duong bo nim 2002, ti 1& 1:2000, tuyén Qudc 16 6, doan tir K38
dén K153 thudc dia phan tinh Hoa Binh nam 2002, duogc luu trtr dang giéy, khoang
500m/khd A3 tai Cuc Quan |i Puong bo I dé iy cac thong tin vé kich thude hinh hoc cua
duong bd [19].

2.4. Dirligu anh SPOT 5

Dtr li€u anh v¢ tinh st dung trong nghién ctru nay la dir li¢u anh v¢ tinh SPOT-5,
chup vao ngay 18/04/2011, bao trim mét doan tuyén Qudc 16 6, bat dau tir K103+700 dén
K143 thudc dia phéan tinh Hoa Binh (Hinh 3).

V¢ tinh SPOT - 5 phong Ién quy dao ngay 03 thang 5 nam 2002, dugc trang bi mot
cap sensors HRG (High Resolution Geometric) la loai sensor vu vi¢t hon cac loai trudc do.
Mbi mét sensor HRG c6 thé thu duoc anh véi do phén gidi 2,5m den - tréng va 10m voéi
anh mau, trong khi d6 dai chup phu mat dat cia anh van dat dén 60km [20].

Bdng 1. Pdc diém cac kénh phé anh SPOT 5 [20]

) Dai séng Do phan giai
Kénh Tén goi )
(um) khong gian (m)
1 Xanh luc - Green 0,500 — 0,590 10
2  Po-Red 0,610 — 0,680 10
3 Can hong ngoai-NIR 0,780 —-0,890 10
4 Toan sic - Pan 0,480 —0,710 2,5
5  Hong ngoai song ngin - SWIR 1,580 — 1,750 20

2.5. Dirli¢u sé ligu ngogi nghiép

S6 lidu do GPS cua mot sé cac vi tri tim duong tuyén Qudc 16 6, doan tir K38 dén
K153 va mot s6 diém khéng ché ngoai nghiép dung dé nén anh vé tinh SPOT-5 thudc dia
phén tinh Hoa Binh nam 2016, trong hé toa do Quéc gia VN-2000.
2.6. Dirligu sé ligu béo cao

Mot s6 bao bao cdo nam 2011 vé tinh trang sat 16, sut lun trén myén Quéc 16 6, mot
s6 doan thudc K38 dén K153 thudc dia phén tinh Hoa Binh dugc luu trit dang giéy, khé
A4 tai Cyc Quan li Buong bo I[21].

3. Phwong phap thuc nghiém
3.1. Quy trinh thuc nghigm
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hinh hoc cua dwong bo

Hinh 1. Quy trinh phéat hién nhitng thay d@oi vé kich thiréc hinh hoc ciia dwrong bé
tur anh vé tinh SPOT 5

Céc thong sé cia mat duong bo dugc thé hién trén ban vé hoan céng gom cé: Tim
duong, mép dudng hai bén, bé rong. Do ban vé hoan cong dudng bd tuyén Qudc 16 6 duoc
luu & dang giay, khoang 500m/A3 nén can phai tién hanh sé hda, xoay, ghép tao thanh mot
tuyén hoan chinh. Sau d6, sir dung s6 liéu do ngoai nghiép bang GPS dé nin chinh tuyén
Qudc 16 6 vé hé toa do Qubc gia VN-2000 trong GIS.

Trong vién tham, thuong co hai kiéu té hgp mau tir dit liéu da phd 1a: TS hop mau
that va té hop mau gia. Di vai vé tinh SPOT 5, do khong c6 mét trong ba kénh mau séic
thuc 12 Red, Green va Blue, cu thé ¢ day 1a kénh Blue, nén chi c6 thé t6 hop duoc mau gia.
Kénh Blue bi thiéu c6 thé thay thé bang kénh NIR va sau d6 hién thi nhu 1a mot kénh mau
do, con kénh do va kénh xanh luc duoc hién thi nhu kénh mau xanh 14 va mau xanh lo,
tuong GNg, tao ra mot to hop mau gia. Dit liéu vién tham dugc st dung trong nghién cau
nay la anh vé tinh SPOT-5, anh nay c6 do phan giai khong gian 10m & kénh da phd va
2,5m & kénh toan sic, do do, can thiét phai nang cao d6 phan giai khong gian cua dit liu
da pho theo dit liéu toan sic (Panchromatic sharpening) nham tao ra dit liéu hinh anh vira
manh vé thdng tin khong gian, vira giau vé théng tin phd, cung cip mot hinh dung tét hon
vé hinh anh nhan dugc [22], [23]. Trong nghién ctu nay, st dung ki thuat IHS dé nang cao
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d6 phan giai khong gian ddi véi dir liéu da phd SPOT 5 [24], [25], [26]. Bai 18 ki thuat nay
khong tao ra nhitng mang mau téi trén anh két qua nhu ki thuat Brovey hoac tao ra dit liéu
anh két qua c6 mau sac khac han di liéu anh goc ban dau [27], hon nira, véi ki thuét nay,
mau sic sau khi to hop gan gidng véi mau sic trong tu nhién, d& doan nhan nhitng viing
ma kich thudc hinh hoc mit duong bo bi thay doi.

Vi dir liéu anh vé tinh SPOT-5 sau khi dugc tang cuong do phan giai khéng gian
2,5m, tién hanh st dung toa do cua cac diém khdng ché ngoai nghiép - dugc do bang cong
nghé GPS ngoai thuc dia - dé nan chinh hinh hoc anh vé tinh vé hé toa do VN-2000 theo
phuong phép nan da thirc bac 1 trong phan mém ArcGIS 10.2. Két qua cua qué trinh nay
dugc thé hién trong Hinh 2. Vi sai sé trung phuong dat duoc 12 0,421m, dir liéu anh vé
tinh SPOT-5 ¢6 thé dap mg duoc yéu cau theo ddi sy thay doi kich thudc hinh hoc mit
duong bo trén tuyén Qudc 16 6.

Link O x

BEHL &4 Total RMS Error: Forward: 0,42082951
Link X Source Y Source XMap Y Map Residual_x Residual_y Residual

1 374,145236 -49,511247  502627,291608 2296327,245798 0,0111637 0,0059132 0,0766642

2 601,564178 -418,257438  521089,969408 2314504,974610 -0,0273562 0,0805417 0,0175428

3 571,630142 642,175641  547945,231452 2310602,362638 0,091926 0,079654 0,0997871

4 473,005721 -387,415264  522743,618549 2280042,926519 -0,068455 -0,2177146 0,0586392

%) 5 264,335578 -299,752466  545299,392827 2290626,281020 0,0799526 0,0809715 0,0653784
Auto Adjust Transformation: 1st Order Polynomial (Affine) v

D Forward Residual Unit : Unknown

Hinh 2. Két qua nan chinh hinh hoc anh SPOT-5 trong phan mém ArcGIS 10.2
3.2. Két qud va thdo lugn

Sau khi tién hanh chong xép dit liéu duong bd tuyén Qudc 16 6 nim 2002 tir ban vé&
hoan cong dudng bo va dir lidu dudng bd tuyén Qudc 16 6 duoc sd hoa trén nén dir liéu anh
da phd SPOT 5, do phan giai khong gian 2,5m trong phan mém ArcGIS 10.2 (Hinh 3).

Theo quy dinh nhu hién nay, ban v& hoan cong dudng bd dang gidy nhu mot dang hd
so “chét”, viéc cap nhat nhitng thay ddi vé kich thudc hinh hoc mit dudng b do cac tai
bién thién nhién hodc do cic hoat dong nhan sinh 1én hd so nay vo cung kho. Vi viy, cic
don vi quan |i thuong coi kich thude hinh hoc mit duong bo khong thay d6i, chudn theo
ban v& hoan cong duong bd. Tuy nhién, trén thuc té, viéc dam bao cho kich thudc hinh hoc
mit duong bd khong thay doi 1a khong thé vi yéu td nay thuong bi anh hudng boi hai
nhém nguyén nhan, céc tai bién thién nhién va cac hoat dong nhan sinh. Do d6, mdi khi co
bao céo vé tinh hinh sut lan, sat 16 trén duong bo, cac don vi quan li phai tién hanh di do
dac truc tiép ngoai hién truong véi rat nhiéu han ché.

Két qua quan sat trén anh vé tinh cho thay, tai mot s6 vi tri trén tuyén Qudc 16 6, kich
thudc hinh hoc mat duong bd co sy thay ddi, thé hién bé“mg nhiing mang mau tréng hoac
tring xam (Hinh 4a, 4b, 4c). Sau d6, nhom nghién ciru tién hanh do dac truc tiép ngoai
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hién truong tuyén Qudc 16 6 vao ngay 03/10/2016 bing cong nghé GPS tai cac Ii trinh:
K118+195, K118+212, K118+305, 124+820, K124+852-K124+915, K124+780-
K124+900, K141+040-K141+120, 141+040-K141+120. Két qua thu dugc thé hién ¢ Bang
2. Qua do, cho théy, sai l¢ch gitra viéc do trén anh vdi ngoai thuc dia dat gia tri 1on nhét
vao khoang +1m va nho nhit khoang +0.1m. Piéu nay 1a do dia hinh tai cac Ii trinh
K118+195, K118+212 twong dbi hiém trd, cit xé nhiéu nén rat kho khin trong qué trinh
tiép can.

Do mdi cip duong lai dugc quy dinh do rong khac nhau (Bang 3), con nghién ctu
nay mdi chi thuc nghiém, danh gia két qua dua trén anh v¢ tinh SPOT-5, dé khflng dinh
tinh hiéu qua, can thiét va kha nang ap dung duogc vao thuc tién, can phai nghién ctru trén
nhiéu loai tu liéu anh vé tinh khac va thi diém trén ting cép duong bo tai Viét Nam.

Bdng 3. B rong quy dinh cia dat danh cho dwong bé theo cdp hang dwong [28], [29]

Pit ciia duong bd
Cap thiet ke Chiéu rong nén dwong toi thiéu (m) | DO rong phan dat doc
cua duong - - : hai bén dudng bo
Dong bang va doi \ung nai (m)

Cap 1 32,5 - 3

Cap 11 22,5 -
Cép III 12,00 9,00 2
Cap IV 9,00 7,50 1

Ciap V 7,50 6,50 -
Cép VI 6,50 6,00 -

BAN VE HOAN CONG TUYEN QUOC LO 6
DIA PHAN TiNH HOA BINH

200000

1:500,000

10 5 0 10 20 0
- — s Kilometers

Hinh 3. Bdn do hoan cong tuyén Quac 16 6, doan tir K105 dén K142
thuge dia phdn tinh Hoa Binh trén nén anh vé tinh SPOT-5 (dg phan gidi khdng gian 2,5m)
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BAN VE HOAN CONG TUYEN QUOC LO 6
DIA PHAN TiNH HOA BINH

1:3,000

5025 0 50 100 150 200
| = e— LY

Kich tharéc hinh hoc miit durdng b trén ban vé hoan céng
Kich thiréc hinh hoc miit dung bd duoc sd héa tir anh vé tinh
Hinh 4a. Ban do thé hién kich thiéc hinh hoc mat dwrong bé tuyén Quac 16 6
bi thay d6i tai cac i trinh K118+195, K118+212, K118+305 thugc dia phan tinh Hoa Binh
trén nén anh vé tinh SPOT-5 (dé phan gidi khéng gian 2,5m)

BAN VE HOAN CONG TUYEN QUOC LO 6
DIA PHAN TiNH HOA BINH

1:2,500

4020 0 40 80 120 160
O e e Meters

Kich thiréc hinh hoc mit dwémg b trén bin vé hoan cong
Kich thwéc hinh hoc miit dwing bd dwgc s héa tir dnh ve tinh
Hinh 4b. Ban do thé hién kich thuéc hinh hoc mdt dwong bé tuyén Quéc 16 6
bi thay doéi tai cac |i trinh K124+820, K124+852-K124+915, K124+780-K124+900
thudc dia phdn tinh Hoa Binh trén nén anh vé tinh SPOT-5 (d¢ phdn gidi khéng gian 2,5m)
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BAN VE HOAN CONG TUYEN QUOC LO 6
DIA PHAN TiNH HOA BINH

1:1,500
2512.50 25 50 75 100

e o T et
Kich thirée hinh hoc mit dumg bd diroc sb héa tir dnh vé tinh
Hinh 4c. Bdn do thé hién kich thudéc hinh hoc mdt duwong bo tuyén Quéc lo 6
bi thay déi tai cac |i trinh K1414+040-K141+120, K141+040-K141+120
thuéc dia phdn tinh Hoa Binh trén nén anh vé tinh SPOT-5 (dg phdn gidi khéng gian 2,5m)
Bdng 2. So sanh 56 liéu do thay doi kich thude hinh hoc mat duong bo

tai mot so Vi tri trén anh voi ngoai thuc dia

Khado sat thuc dia
Li trinh Trén anh v¢ tinh S6 ligu do truc tiép
: ° s N Hinh anh
SPOT-5 biing GPS i an
K118+195  1093m o oesm
tor mép duong phai tr mép duong phai
K118+212 o fem o fam
tor mép duong phai tr mép duong phai
K118+305 ooamsme g EAm
tr mép duong phai tr mép duong phai
K124+820 o @me o pam
tur mép duong phai tr mép duong phai
K124+852-K124+015 | Sw2m o . 805m o
tr mép dudng phai tr mép dudng phai
K124+780-K124+000 | 120M e
to mép duodng trai to mép duong trai
K141+040-K141+120 | . | 5,9@ . . 5"3(“ .
tur mép duong phai tr mép dudng phai
K141+040-K141+120 o 8,0rr‘1 .. o 7,8rr‘1 ..
tur mép duong trai tor mép duong trai
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4.  Kétluan

Bai bao da str dung mot canh anh vé tinh Spot-5 chup nam 2011, bao trum mot ph'?ln
tuyén Qudc 10 6, doan tir K103+700 dén K143 thudc dia phan tinh Hoa Binh, sau do,
chdng xép 1én ban v& hoan coéng duong bd nim 2002, doan tir K38 dén K143 trong moi
truong GIS, két qua cho thdy, kich thude hinh hoc mit dudng bd thay doi nhidu & céac Ii
trinh K117+850-K118+305, K124+820-K124+900, K141+040-K141+120; thay d6i it &
cac |i trinh K125-K126, K127-K128, K140-K 141 va hau nhu khong thay dbi ¢ cac Ii trinh
K105-K117+850, K121-K124, K126-K140. Qua do, co thé kh:flng dinh, sir dung anh vién
tham c6 d6 phan giai khong gian cao trong theo ddi nhitng thay ddi kich thudc hinh hoc
mat duong bd 1a mot viéc lam kha thi, khic phuc duogc hau hét cac nhuoe diém cua cong
nghé truyén thong.

% Tuyén bé vé quyén loi: TAc gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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