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W OE. Bey P B RED (quick response code, QR code) T FR - HERD | & —Ff i IR €4 AR AR B 4 R A 1E
TEAFS . A AR, N R mis 5k vl ae AN W L3R, AR YO T 48 0 iAs , g e T 465
BRI F RO D8N AR I RUAS BRI E AN I8 VR /NI R N 15 4 I AR mE 7R SO TR R4 T
RN Ry T 0N AER I FR 28 AT AR SR I TR K B mo ME R R FiE B RIEC
AR A AT LA ST Bl e i A A R AN 1 6 FhmADIRAS SR 5  AREE ZHERD A T gm A AR e S IR RS O
F, IR 84 BE S/ MG B A% 48 G 3 A5 A0 ) S5 I, 30 ok SR ik s 25 RI0 Pm) R00, +8  Re  IRE PR 48—
PR E AT (uniform resource locator, URL ) ZE RIS | il FHHSH 43 BOW A/ ING AU 30437 BT UG S ME R,
2 TR R AT B A TR A P AR, R AT A, 1 603 gD
T A URL BE 0 — 469, LI K 1 679 4afS T URL ¥ 1Y 26D, SO SRR AU S e brifi Al Lk, %
TAE URL PRHE R B2/ NG — 4B 15 1L 9. 19, RRAR BB/ — 285 (5 1L 1. 2% 5 X T URL PSR, A 0 K 2
W/ NI ZHERD 5 L 98, 4% ARSI ZHERS S 31, 7% o SEIE AR I SR MR A K
S B AR RRAS BN RETE AR AL AR AT A% LR 2 I 2 B BE T M TTAR T IR T 4ERD B A i W)
I AR SRS TR, 5 T, B e 2 1 i 24

SRR YRR 5 PR e N A BT s AR A ; SN ; 4 — PR IE E 4T (URL)

Minimization of bit stream length of QR codes

Yuan Tailing, Xu Kun”®
1. Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China;
2. Key Laboratory of Pervasive Computing , Ministry of Education, Beijing 100084, China

Abstract: Objective Quick response code (QR code) is a kind of widely used 2D barcode nowadays. A QR code is a
square symbol consisting of dark and light modules. There is a great need to accommodate more data in the target area or
encode the same input data in a smaller area. The input data is first encoded into a bit stream. Different encoding algo-
rithms may output different bit streams via assigned input data. The length of bit stream determines the version of a QR
code, and the version determines the amount of modules per side. A QR code with a smaller version takes a smaller area
without the size of modules changing, or has a larger module size without changing the area. The bit stream consists of one
or multiple segments, and the encoding mode of each segment is chosen from three modes separately, i. e. , numeric mode,

alphanumeric mode and byte mode. The numeric mode can only encode digits, and every 3 digits are encoded into 10 bits.
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The alphanumeric mode can encode digits, upper case letters, and 9 kinds of punctuations, and every 2 characters are
encoded into 11 bits. The byte mode can encode any kind of binary data, but each byte is encoded into 8 bits. Compared
to using a single mode to encode the overall input data, different modes interchange may result in a shorter bit stream. But
different modes switching leads to redundancy on bit stream length. Method The key to minimizing the version of QR code
is to minimize the length of bit stream. The minimization should balance the redundancy of data encoding and the mode
switching efficiency. The QR code specification gives “optimization of bit stream length” in annex. However, the illustra-
tion has proposed that the optimization method may not output the minimum bit stream. The demonstration has mentioned
algorithms as below. The first algorithm is called “minimization algorithm” , which converts the minimization of bit stream
length to a dynamic programming problem. The algorithm can output the bit stream with minimum length by resolving the
dynamic programming problem. Time cost is bounded in a linear function to the length of input data. The second algorithm
is called “ URL minimization algorithm”, which is optimized for cases that the input data is a uniform resource locator
(URL) further. The customized optimization for URL makes use of two properties: 1) the scheme field and the host field of
a URL are case-insensitive, and 2) the scheme-specific part of a URL can be escaped. The properties have been guaran-
teed via request for comments (RFC) 1 738 and RFC 1 035. A lower case letter can only be encoded in byte mode. By
converting a lower case letter in a case-insensitive field to an upper case letter, the letter can be encoded in either byte
mode or alphanumeric mode. The property provides more options in dynamic programming. In addition, each character in
the scheme-specific part of a URL may be converted to an escape sequence. The escape sequence contains 3 alphanumeric
mode characters. Hence, it can be encoded in alphanumeric mode or a combination of alphanumeric mode and numeric
mode. This kind of conversion also provides more choices in dynamic programming. The URL minimization algorithm takes
advantage of such two kinds of conversions to calculate the bit stream of a URL with minimum length. Result A QR code
data set (also called a test set) is constructed to verify the efficiency of the proposed algorithms. The test set is collected
from 6 web image search engines, i.e., Baidu, Sogou, 360, Google, Bing, and Yahoo. QR codes with different bit
streams or different error correction levels are regarded as different QR codes. The test set contains 2 282 distinct QR
codes, where 603 QR codes encode non-URL data and the other 1 679 QR codes encode URL data. Four algorithms are
compared on the test set, i. e. , 1) the optimization method given in the QR code specification, 2) encoding input data in
a single segment, 3) the minimization algorithm, and 4) the URL minimization algorithm. The bit stream lengths of initial
QR codes are offered for comparison as well. The demonstrations show that for the non-URL test set, average bit stream
length reduces 0.4% ( compared to the optimization in the QR code specification), QR codes with reduced bit stream
lengths account for 9. 1% , and QR codes with reduced versions account for 1. 2% ; for the URL test set, average bit stream
length reduces 13.9% , QR codes with reduced bit stream lengths account for 98. 4% , and QR codes with reduced versions
account for 31. 7% . An ablation study on the two components of URL minimization has been implemented, i. e. , 1) utili-
zing case-insensitive fields and 2) converting characters to escaping sequences. The calculating results have shown that
each component has an effect and combining both components achieves the best performance, i. e. , the minimum bit stream
length and the minimum version. In the context of URL test set, average bit stream length reduces only 0. 5% using the
minimization algorithm, while the value reduces 9. 1% using the URL minimization algorithm; QR codes with reduced bit
stream lengths account for 10.4% using the minimization algorithm, but the value is 98.4% for the URL minimization
algorithm; QR codes with reduced versions account for 1. 3% using the minimization algorithm, while the value is 31. 7%
for the URL minimization algorithm. The average time cost to encode a message is 2. 45 microsecond. Conclusion The pro-
posed algorithms minimize the length of bit stream. Data capacity of QR codes has been increased without changing QR
code format or revising the error correction capability. The URL minimization algorithm is qualified under the huge amounts
of QR codes based on URL encoded data. The proposed algorithms are friendly-used, i. e. , there are no hyper-parameters
to be tuned, and users input data and error correction level only. The illustrated algorithms have been verified in a realistic
running speed, and it is proved that the time costs of both algorithms are bounded in a linear function to the length of input
data.

Key words: 2D code; quick response code (QR code) ; QR code encoding; dynamic programming; uniform resource loca-

tors (URL)
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RS W R AH B D ( quick response code, QR
code) PR 4R | J&—Fh IE BT, T M T
By U T TEZ S S B S . 4k
AT d/ NI B BRI (8 B0 (51 /N IE T
o ZHERSRIMAR YE T Ak BB,
B 1 s, R RRAS B R,  2R 30 b A S B B e
(e

ET.? [=]
e
4 .. Ll o
(=] =] : ]
Eﬁﬁﬁ : : xf
= =] c [mlanEr %
(a) heAs 1 (b) A 6 (c) MA 11

BT AN RIAS B — 2R s R ]
Fig.1 QR code examples with different versions

((a) version 1; (b) version 6; (c) version 11)

THERSAE T AL PR B R R A —
TELFERES) o U8/ ZHERT B RS BEASTE A ol MR R
DR/INBYHHE T 48 AR, B0 7R A 2 T R A R
UG BRI/ LA i AR T A U O

N T A AR B A B AR T AR E
SR T AN bR AR R i s =X, ANl A
BRI BSOS PR X
BBy SR AR L TR AR A RE LI, 58 F)
A P — A T8 ] B bR o e A & AN —
SEAT R T T A | PRI 3 e — A 1) A 22
Iy 7E e A — E AR R AT ER T o R A R
— R AR

5 EROFE TAEAR R 2 A SCIERF & 4
B EIT B T die/ M A A BE | AT S5 R AR B 4 75
i, RSO A AL S AR (K R
AWE JR,2000)  FF IR G %5 ZXing (https :// code.
google. com/p/zxing) | T MV Z i A% <« FORL — e A BT,
#8” (http://cli. im/) A LG, WK MR SCE 40, —J7
T, {5 105 G i [ L2 4 oAy 2y AR A0 )t B8 4 1 1+
SRR BT 5 53— D T BTN UL 48— B E
£F (uniform resource locators, URL) ZS BRI | ik —

AP RE B M T GE— BT U A B4 e LA
WA,

1 MExXIE

KT N REAER MR ELZS LT
JLZk.

1) 368 3ok 385 AR e A 0 € o 25 8 v R A
AL RGB 3 A ERIHIERR 3 1540 ( Blasins-
ki 45,2013 ; Meruga % ,2015) fii ] 3 R ekl R
7 3 AEH)E (Abdolahi 75 ,2019) fdi ] 4 Fhds e Bl @
s logyd =2 F5 54 ( Melgar 4,2012) [HZEZ
2UFP A R OR £ £ 14 £515 B (Galiyawala 1 Pan-
dya,2014) , Yang %5 A (2018) 48 Hi B (IR B 8500 2>
SO O, YRR | I T SRR ) L (sup-
port vector machine , SVM ) & H —Fp & X % (6 — 4E1
AR . BTPFAE N (2017) 6T k-means B7A R
PP A it 2 T B o A e P S € DA O Y e
3, PR M AR A A 5 0 AR i (0 — 4ER5 | M
it LT P S ] AR

2) FE T YERS T BROBLFAAT 15 4 . Tkachenko 25 A
(2015,2016) $2 tH /9 X2 5] — 4E 15 (two-level QR
codes ) TEFRTE — 4EA% i B (ORI A na 3, Horp
P i nt g % 25 B SO g FAA 15 B Arife
AR A g AT DA AT R, o A R A AT
PABEHCRAAT 5 .. Barron 45 A (2020) #22 H} ) XU E
VAT 4R ( dual modulated QR codes ) A 1 — 4
T A R AR e T T B R e UM 11 | IR I ) 75
[ M B ALE B . FRiE AR g g nl DASSE A I
5B AL —4ERD IR BB s | 2 ] 0 bt 2% )
DL T ) rp B OB RAE B, o X PR SO e
PHETHIRAR A T 40 T R SR g U 56 fif
i AR Y 2AE B XER

3) IR AR . AREEAE N (2015) ] Huff-
man 535 Ji 46 i A BN 5 Abas 45 A (2017) filE
Gzip Zip 55 25T 5. 45 530 1k TR 4 i A B8, JF6 15 4
Jei B BB B0 ) base64 4% 2 4 it L 745 H E A
T AR GRAAR A o XTI A A SR AR i
LR A 23 T2 MR 45 J B TS R A ey
FHPOX SR . Vietor (2012) 48 Hi 19 — 4k 5 A5 G
KRN (2015) 42 1 — ZE ) 24 [) I ] 1 5% (84
BN 6 B M BRI [ 4 i Bl A i, B ESs



$o74/58H1/2022 %8 8

REE, KRB/ ZHBVRKERIVEEX

A (2017 ) F T DUF PR T — R BT X DU 0 22
Kbty 5 58, X AR T 7EA5 W5 AL X5 57 3 4 % 7 58 3
77 4, A2 (2020) 42 i 18] e F e 45 i
PR EOAR A LT O — 4

4) i85 A g SRBEHHR A 7 28 R g A% DX )
A . Villan 25 A (2006) $2 1 T —Fh £ 4% 5] —
Y25t X PP R A 7 R T 25 D fE
T2, R 2 A X 3 e b v — HERS T K, AT K G
i T AR HL[A) sy B 3 S LA i — 4k SR U
PiCode ( picture-embedding 2D barcode ) ( Chen 5,
2016) 1 RA Code ( robust and aesthetic code) ( Chen
&5 2018) &,

B EIR LR ARS8 B 72 = —4Ef
MM TAE, Yuan 8 A (2019) $2H T WUZ —
A0 R AR 2276 2247 PR T ) s A [R) Y — 4
i, IF ELnT DU bR v — e S S A, (H R U2
T YRR BORARHLAL TR E B A RE N A RE A A T
FLfi 5 B Dy 2R L bR 1 — 4E RS {IK, Chou Fl1 Wang
(2020) #2117 B TR, AEANZE YRS
PRI T — D ROFB/INGY N 2 e, bRt g ml
PL73 5l MAINZ RS FIN J= e TR R R
EIE NI ZHERS A RO 28 SR AR, BB M —
AR BOMERAS | T HLR P A 2 e AR — 46

Zi BNk, BT — RO 2 RETE A bR i — 4k
it g% B2 5568 1 B T 3R T Bl At

2 fIim#mAEtgst
AT B HERS bR ifE GB/T18284 — 2000 ( FH %

SRR AR W B SR, 2000 ) FT 2R FH B A2 37 20 5 4% 2
YA 40 DA, RRAS 1 BIRRA 40, RAS

K P M2 S D R, e A
4 DOFEAEGL BP L ML Q M H, A3 IR 2 S
KLY 1% 15% 25% F130% . 21545 2 vy, Bdie
T oy B BB OB/ N X T 45 7 Y Rl A
AR B R T A RS BB
PR 8 A kIAL, PRI, (734 A RE R o B
FHOR 8 5,

PSS A T B (segment) | B —Bor i gmtid T
— BB o RS T B 4R (additional features) .
B GRAS BRI B o3 3 W03 T 0 Joll A
H{AE/RAF (mode indicator) | FAFHHAUE /R 4F ( char-
acter count indicator) FIEHE, PR IERFTRRX—
BRI i (mode) o A XUA 4 F 1)
B RO 8 AR UM R
B, T 4 L, Hoh Ber i X R g i AT
FEBC R AT DL % RS PR B9 R AT
8 AL TR AT LA g it A 2 — 0k ) i 5 o I DU
B RE G A5 TP R DU, ), P D AR Y
BRI R T Z G A T EF R, KERE
4 £, A —FHHUE 0001, 378 GB2312 74, 7
B R A RN X — B B s K B . AT
B AT o5 TR0 BB R i piA AR Ak, ]
ERGH, BT B 3 ADECE AT i S A
10 47 5 a0 SR B K B AN 2 3 By B B, )R A 1Y
1 ARSI 4 07, B0HE R AR 1Y 2 A4 G 1 8
700, FRECERR 8 AR AR
b BRI AN R 1 R BEINREER LT
w5 3, TT i 245 #4) B 4% (structured append ) 5 B 97
FLf#FE (extended channel interpretation, ECI) {5 &,
AT HRIFAT o A SCHFFR AL AL 2 R4
WA A RS

x1 BENXRDn NEHABAY

Table 1 The number of bits to encode n character in each mode

/bit
X AR R P E T TSR R AT TR R b€
0 nmod3 =0
T 4 - 10/12/14 10 - L%J +{4 nmod3 =1
7 nmod3 =2
§ 0 nmod2 =0
G 4 - 9/11/13 1 LiJ + {
TR 2 4 nmod2 =1
8 (T 4 - 8/16/16 8n
| YN n
L RIEE R 4 4 8/10/12 13

T AR R 3 N S RS 1 ~9 10 ~26 27 ~ 40, “ - " FoRiZ B & b EFE TR R AT
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RS AN R R R
1) P E AR S R bR AR IS, 2) i
T 25 B S 4 o [ D0 A5 2K (9 A A5 R0 S AN 52 1)
H—F TR M2 ZXing ) , %5 b [ 7
K G A 154, 3) FESEER AR LT 2 000 24
YRS A A RS AR S, oA
RS T T R i o RS BT (940 UTF-8 |, GB2312
) R AT A 8 AT B G Y

— o AT B 67 T8 G 5 B 2 ol Y B — A8 S G
A E 9 H e fd RS (o 550 X B4
A, FRE AR 2, RN RE DA L AR =X
Rt it 8 7 T A g i, TR A% £ ZXing
PRI A ., X 45 RS ORI 2 B S5 9, — 4R b
HELLRARIE UGS T & WA — 4B RE S 90 1) A AT 5K
It Gnh A AT AR I AR T S R AR X
A B (2005) 46 H T R Sk i i As i

5 {2 — B L, ZEAS [ 2 ] D) 46 ]
REAS B A AL, BN, B 45 nT LU 3 Ahs
G, A B A 2 g e 0 5 7 B e /D, R
SRR G A ) B s S B 22, 8 A8 T A S A i 1Y
BRI B 2, SR, QSR AT — A 8
T Gt AR D) 48 ) 55 A X T B A X 4
N K S S 3 € (=D A S (T Nt s Y N VAl
SR HAVE Tt ) Ty LA AT S A 7 BN D) 445
RS, RS BRUE A B SR 4A T A K B A B AR
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#3 (numeric mode ) Z iy H & Fr 7E BX AU SR k' (&'

I <4

k mod 3) MMFAFHY AT bR i A FAF T 1 5
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D! RIORAEHR | DNFAF 8 AL F 1AL (byte
mode ) A ST AT @ DT I e/ Mz
WA B, WA A AL, W X D! =
+ >,

RI, D, 23X 6 -5 (1 5 /ME, BI

D, = min| DD D D D DE| (1)
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6) W& D, D -, D,

7) BS—KJE%T D, WAL,

8) if D, <EARNLIMAKE(V, ECL) then,
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10) return ZRfi I8,
3.2 G—R/IBEEMFRARMLSmD
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EY = min|{D,D, +h') +6  (10)
EfY =Dy +5 (11)
Foe(s) =2,
E'y = min{E}ESTE 4R 44 (12)
Ey =E7 +6 (13)
Ey = E +5 (14)
#e(s,) =1,
EN = min{ES L ES L + B+ 4 (15)
EY = Ey +3 (16)
EY = min{ESED + R 46 (17)
E = Ef +5 (18)

ERRIHY 55 1 AN — i B TR, R R
S B  E +oo

B ANTRR TR TR TR,
R/ NE AR S B NG SR, W E
BER AR S0 5k He B SUIR S ST, T X
fEAL. HESh, IS AR O 28 285 T 6 30, HLAE
AN SRt ST o 0544, U452 FE S AR R s,
TV SL, AR RE R AR A LR 5, X R/NE R
R, AT R /NG AU B L, 44 bk
Sl B AR TS E RS, AR T
FRRUT R TR | AR ST T B T, R
SR/ R R 0 B N R ) T R
b

n, n,l
Di - Ei,3
n,2 _ n,2
Di - Ei,3
] 1 (19)
a,l a,
Di - Ei,3
a2 _ a,2
Di - Ei,3

EHL2 S G — T IR E AT R A B ), AT
PIFE O (1) B NI R/ING i SO ST 5535000
AN 3 B S P ASE T SR N A RRAS

MR 0 N1 B L RE AR OGS E B

B RSB BN ER BB DN
D D DY DY D!, D, BVALSR R /NE F
B SURE SO SR80 S it e R T A, TG
JOL LI B R RRAS Y S0E 55 3.1 1 TR B 07 A
7], URL dRe g5 m th RS A .

BN B s AR ECL,

far b LI BS MUKV,
1 function minimum_BS_improved (s, ECL) ,
2 if is_not_URL(s) then,
3 return minimum_BS(s, ECL) ,
4 forV =1 to 40 do,
5 if Ve {1, 10, 27} then,
6 & Dy Dyt DY D,
7 fori = 2 to ! do,
8 WHRED JER - Bl
9 W&, , D, -, D, ,
10 BS—KJESET D, KL,
11 if D, <J\KPIFAKEE(V, ECL) then,
12 return BS, V,
13 return ZRESJNg

4 L I§

4.1 S5ILBRNEZX

TSR R 7 T B R AR B (AT A
FRERESRR ) & LT F R ER A LA 74 30\ 3"
DU PR A P4 30\, gt AR 24 R
FRFT B FAF 5 (B T 4) RSk A A
[ AR (50 A MR B4 F4) I 747 50 Ul
GibAE S, 9 L A B © abe123456def” 4 5 465
4 DRI U IESE 6 DN FA R T EE T4,
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S RL 2 0, ARERE A T RERG AR i, 1
Wt A B HE “ 1234567Ab 7, 87 B g 65
“1234567" ,H 8 fi T it Ab” R ALY ; (2
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WAL GRS b, bR HESRE 5 R g S A L, B
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59 1, R T Hie 05 2 A, A7 i B3
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Fig.2 Distribution of bit stream length in the test set
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Table 3 The ratio of QR codes of which bit stream
length or version can be reduced on the
test set with non-URL data
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P 545. 02 - -
PR 557.27 6/603 0/419
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*4 7£ URL IR & _E i< E s AR/ — 4555 & B
Table 4 The ratio of QR codes of which bit stream
length or version can be reduced on the
test set with URL data
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Fig.3 QR code examples of which version is reduced by the proposed algorithm

((a)initial QR code; (b)standard algorithm; (¢ ) minimization algorithm; (d) URL minimization algorithm)
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Fig.4 The number of successfully scanned images against

kernel standard deviation of Gaussian blur
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Table 5 Ablation study on URL optimization
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Fig.5 Encoding time against data length for non-URL data
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Fig.6 Encoding time against data length for URL data
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