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a b s t r a c t 

Background and Objective: The medical high-resolution image is very important in image processing 

and computer vision applications, which plays a critical role in image-guided diagnosis, clinical trials, 

consultation, and case discussion. How to efficiently access medical high-resolution images in mobile 

telemedicine systems is becoming a big challenge. Therefore, this work proposes an efficient pyramid 

architecture for optimizing medical high-resolution images transmission and rendering. 

Methods: The proposed architecture consists of three core schemes: (1) unbalance pyramid scheme based 

on geometric relationship, (2) indexing scheme based on hash table and lattice partitioning and (3) query 

scheme based on similar matching. Then, we design the responsive service components: generating ser- 

vice, indexing service, and query service. Finally, these services are combined into a prototype system 

that enables efficient transmission and rendering of medical high-resolution images. 

Results: The result shows that the unbalance pyramid scheme can quickly generate the pyramid structure 

and the corresponding image files. The indexing scheme can create the index structure and the index file 

in real-time. The query scheme can not only match the best layer to which the image block belongs in 

real-time, but also can accurately capture the query image block. 

Conclusions: The prototype system based on proposed architecture is fully compliant with the DICOM 

standard, which can be seamlessly integrated with other existing medical systems or mobile applications, 

and used in various scenarios such as diagnosis, research, and education. 

© 2019 Published by Elsevier B.V. 
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. Introduction 

Recent years have seen great development in the field of med-

cal imaging and the amount of high-resolution images (HRIs) is

ast growing [1–4] . Medical HRIs are very important in image

rocessing and computer vision applications such as: CT scan-

hest, MRI, X-rays and Optical Coherence Tomography (OCT) [5] ,

hich contain detailed anatomical structure and have been im-

ortant data sources that play a critical role in image-guided di-

gnosis, clinical trials, consultation, and case discussion [ 4 , 6–10 ].

elemedicine is the medical practice of information exchanged

rom one location to another through Information and Communi-

ation Technologies (ICTs) to improve remote and flexible medical

nd health care services [11–13] . As smart mobile devices have ex-
ellent resolutions and have become better connected to the in- 
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in mobile telemedicine systems, Computer Methods and Programs in B
ernet, the mobile telemedicine system allows patients to receive

edical treatments from the doctors via internet technology with-

ut visiting hospitals in person [14–16] . Thus, health professionals

nd patients must prepare themselves to take advantage of estab-

ished and enhanced health care processes to improve a patient’s

linical health status [17] . Additionally, collaborative processes are

ery important in telemedicine domain since they allow for mak-

ng right decisions in complex situations [18] . For medical high-

esolution images, on the one hand, doctors need to conveniently

ccess medical images and have discussions with other doctors for

nline diagnosis or teleconsultation [ 7 , 19–21 ]. On the other, pa-

ients need to access their medical images and examination re-

orts from anywhere for online consultation [ 7 , 21 ]. Consequently,

ow to rapidly and conveniently access medical HRIs in a diversi-

ed network environment on different client devices is becoming

n important requirement [ 7 , 22 ]. 

Although considerable research efforts have been carried out

n medical image transmission [23] , most of them focus on three
ent architecture for medical high-resolution images transmission 
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Table 1 

DICOM services and DICOMweb services are used in this paper. 

Service Description 

C-FIND Query DICOM objects from PACS 

C-GET Transfer of DICOM objects, where receiver initiates 

connection 

C-MOVE Transfer of DICOM objects, where receiver does not need to 

initiate connection 

QIDO-RS Search for studies, series, and instances that match specified 

the search parameters 

WADO-URI Download DICOM files and parse the original image from the 

file 
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ways: compressed transmission [ 2 , 24–27 ], progressive transmis-

sion [ 24–26 , 28–30 ], and on-demand transmission [ 7 , 21–23 , 31 ,

32 ]. However, the most methods have some defects such as the

lack of losing important information [7] , repeated and invalid

transmission, special coding and decoding, and time-consuming [ 7 ,

23 , 33 ]. Therefore, transmitting and rendering medical HRIs in the

mobile network is still challenging. It is worth mentioning that

a typical medical HRI has at least a dozen megabytes in size,

and sometimes tens of megabytes or even gigabytes [ 7 , 34 , 35 ].

Obviously, transmitting the entire RHI over the internet is time-

consuming. The second difficulty lies in the instability and band-

width limitations of the 4G/5G mobile network. Despite the 4G/5G

mobile network has been greatly developed, the bandwidth is usu-

ally unstable and limited for transmitting medical HRIs, especially

in the rural or remote areas of developing countries [ 7 , 23 ]. More-

over, the HRIs cannot be fully displayed in their maximum resolu-

tion on the display devices, especially on the mobile devices, due

to their limited resources (screen, resolution, memory, etc.) [ 23 , 36 ,

37 ]. 

In this paper, we propose a new generation, index and query

method of the typical image pyramid scheme (TIPS) in the archi-

tecture for optimizing HRIs transmission and rendering, which en-

compasses the following key features: (1) We present a novel im-

age layering method based on geometric relation, in which differ-

ent image layer distributions can be automatically identified by ad-

justing an unbalance factor ( β); (2) We design an index structure

and indexing algorithm based on hash table and lattice partition-

ing to improve the query efficiency of image blocks; (3) We devise

a query scheme based on similar matching, in which the query im-

age block can be quickly matched; (4) Our prototype system based

on the architecture is fully compliant with digital imaging and

communications in medicine (DICOM) [38] , including DICOMweb

[39] and data formats, which can be seamlessly integrated with

other existing medical systems or mobile applications and used in

various scenarios such as diagnosis, research, and education. 

The remainder of the paper is organized as follows.

Section 2 reviews the preliminary knowledge of medical image

and standard, key technologies and related works. Section 3 de-

scribes preliminary definitions and computational methods that

are employed in this paper. After that, the system architecture,

workflow, and service components are proposed in Section 4 . We

perform comprehensive experiments to evaluate the efficiency of

our proposed approach in Section 5 . At the end of this section,

we discuss the related works and gives the limitations of our

proposed approach before we conclude the paper in Section 6. 

2. Background 

2.1. Medical HRIs: medical high-resolution images 

Modern medical imaging technology provides the amount of

HRIs, including radiological photos, clinical images, etc., which con-

tain detailed anatomical structure and help doctors to diagnose [ 1 ,

2 , 6–8 ]. The distinguishing features of medical images are high di-

mensional, high resolution and large storage space [40] . A typical

medical HRI has at least a dozen megabytes in size, and sometimes

tens of megabytes or even gigabytes [ 23 , 34 ]. For example, a com-

puted radiography (CR) or digital radiography (DR) image is at least

a dozen megabytes in size, a digital mammography (MG) image is

tens of megabytes in size [34] and a typical slide scanned at 40

(approx. 1600 megapixels) produces a file with several gigabytes

[ 23 , 35 ]. Compared with other images, the backgrounds of medical

images are relatively simple yet similar, and the medically useful

areas (MUA) is only part of the medical image [23] . Therefore, on-

demand transmission is a good solution to effectively reduce the

amount of data transmission. 
Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
.2. DICOM and DICOMweb service 

The storage and communication of medical images are usually

ompliant with DICOM standard, which not only defines the stor-

ge format for medical images, but also defines the communica-

ion protocol for exchanging images and related meta-data among

ifferent picture archiving and communication system (PACS) [ 28 ,

8 ]. Currently, DICOM is a widely accepted standard for medi-

al image storage and delivery among medical devices, which is

idely used for querying studies, reviewing images and perform-

ng diagnosis. It is a bidirectional data movement across DICOM

etwork via DICOM services such as: C-STORE, C-FIND, C-MOVE,

-GET, etc., which allow data, images and metadata to be stored,

earched and retrieved in local area network [ 28 , 41 ]. However,

ith the rapid development of telemedicine, doctors and patients

re beginning to expect medical images to be available on the mo-

ile device for making a diagnosis or consultative viewing via the

nternet. In this context, DICOMweb service [39] , as an extension

f DICOM service (DICOM PS3.18), has received great attention and

apid development. It provides a set of RESTful service interface

tandards such as: WADO-URI, WADO-RS, QIDO-RS, STOW-RS, UPS-

S, etc., enabling web developers to unlock the power of healthcare

mages using industry-standard toolsets. 

In this paper, DICOM services are used for integrating with

ACS, and DICOMweb services are used to provide standard med-

cal image query and transmission for mobile clients. The descrip-

ions of these services used in this paper are shown in Table 1 ,

hich are implemented by using an open source toolkit (dcm4che)

 38 , 39 , 41 , 42 ]. 

.3. Related works 

To rapidly and conveniently transmit medical HRIs, consider-

ble research efforts have been carried out, most of them focus on

hree ways: compressed transmission [ 2 , 24–27 ], progressive trans-

ission [ 24–26 , 28–30 ], and on-demand transmission [ 7 , 21–23 ,

1 , 32 ]. The compressed transmission may get a risk of losing im-

ortant information because it reduces the image resolution and

uality, or catch a complex process that client needs to be cus-

omized for special decoding and reconstruction software [7] . The

rogressive transmission can be achieved by first transmitting a

ow-resolution approximation of the image, then sending further

nformation and the original image can be recovered by sending

ll further information [25] . Therefore, this method improves the

ser experience, but cannot reduce the amount of data transmis-

ion. The on-demand transmission uses new network interactive

echnologies to change the whole transmission and only the re-

uired resolution images or Region of Interests (ROIs) are trans-

itted to the client. The on-demand transmission is usually im-

lemented based on JPEG20 0 0 and JPIP protocol, which has very

ood network transmission characteristics, including ROI, progres-

ivity and scalability [ 1 , 7 , 22 , 28 , 33 , 36 ]. However, this method

lso has some disadvantages, such as repeated transmission, in-
ent architecture for medical high-resolution images transmission 
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Table 2 

Frequently used symbols. 

Symbol Description 

P An image pyramid 

pkey The unique identifier of an image pyramid 

G A set of layer images 

S A set of image resolutions 

W, H The width and height of an image 

n The number of layers of a pyramid 

h The vertical distance between the largest and smallest layer 

h i The vertical distance between two adjacent layers 

β The distance ratio between two adjacent layers 

R A set of the user query request 

m The number of lattices of a pyramid 

R(W) The width of the requested image 

L A series of lattices with different resolutions 

L(W) The width of a lattice 

CL The candidate image set of a query 

IB The description of a specific image block 

x, y The x-axis and y-axis values of the upper-left of the block 

w, h The width and height of an image block 
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alid transmission, special coding and decoding, coding and de-

oding are complicated and time-consuming [7] . To further im-

rove the performance of medical HRIs transmission and reduce

he complexity, the tile-pyramid on-demand transmission without

sing JPEG20 0 0 is adopted to solve redundant transmissions for

ach fixed scaling resolution [ 28 , 32 , 36 ]. As we known, the TIPS

nly supported a 4 × ratio zooming, which does not affect users

eading extreme HRIs such as satellite images and microscope im-

ges, in clinical practice, it may be not convenient to read medi-

al HRIs [10] . In this context, paper [23] designed a novel unbal-

nced ratio pyramid structure(URPS) to adapt to the reading habits

f doctors and achieved good results. In this model, the number

f image layers is generated based on rules and the layer distribu-

ion is fixed. In addition, although it is a web-based system, it does

ot implement the DICOMweb services, thus increasing the com-

lexity of integration with third-party medical systems. Different

rom these works, our approach focuses on designing a novel un-

alanced image pyramid generation, indexing, and query method

o optimize the transmission and rendering for medical HRIs. 

. Computational methods 

.1. Preliminaries and problem definition 

The list of symbols to be used throughout the rest of this paper

s first summarized in Table 2 . 

efinition 1. An image pyramid is a collection of images from high

o low resolution which is represented by a triplet: 

 = < pkey, G, S > 

where pkey refers to the unique identifier of an image pyramid,

 = { G max , G 1 ,…, G n ,G min } represents the collection of images from

igh to low resolution and S = { S max ( W,H ), S 1 ( W,H ), …, S n ( W,H ),

 min ( W,H )} is the corresponding resolutions. G max is the original

mage that is parsed from DICOM file, G min is the smallest image

hat is specified by the user . 

efinition 2. The number of layers represents how many layers

re needed in the pyramid, which is named as n and is determined

ccording to Eq. (1) . 

 = max ( S max (W ) / S min (W ) , S max (H) / S min (H)) (1)

where W is denoted the width of the image and H is the height

f the image. 
Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
efinition 3. Unbalance factor βis a constant indicating the dis-

ance ratio between two adjacent layers as shown in Fig. 1 . Only

he width of the image is considered because the image is scaled

ith the same coefficient. 

From the geometric relationship, β and h can be represented

y h i (1 ≤ i ≤ n + 1), as shown in Eq. (2) . 

= 

h 2 

h 1 

= 

h 3 

h 2 

= · · · h i +1 

h i 

· · · = 

h n +1 

h n 
, 

h = h 1 + h 2 + · · · + h n +1 = 

n +1 ∑ 

i =1 

h i (2) 

here h i represents the vertical distance between the i th layer

nd the i 1th layer, h represents the vertical distance between the

argest layer ( G max ) and the smallest layer( G min ). 

.2. UIPS: Unbalance image pyramid scheme 

The core of the pyramid scheme is how to determine the num-

er of layers, calculate the resolution of each layer and how to

epresent and store the pyramid. First, the number of layers can

e determined by Eq. (1) , and then the image resolution of each

ayer is calculated according to the geometric relationship of layers

 Fig. 1 ). Finally, we propose a simple scheme to store the descrip-

ion information of the pyramid. 

.2.1. Calculation of layer resolution 

As shown in Fig. 1 and Eqs. (1) and (2) , if the unbalance fac-

or is equal to 1( β = 1), the distance between each layer is equal

 h 1 = h 2 = ��� = h n + 1 ), when the unbalance factor is not equal to 1

 β � = 1), the unbalance factor is sized in a form of geometric pro-

ression, and the geometric proportion is β . Therefore, the width of

he i th layer can be calculated by Eq. (3) . 

 i (W ) = 

⎧ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎩ 

S max (W ) − i × ( S max (W ) − S min (W )) 

n + 1 

(β = 1 , 1 ≤ i ≤ n )

β i − βn +1 

1 − βn +1 
× ( S max (W ) − S min (W )) + S min (W ) ( β � = 1 , 

1 ≤ i ≤ n )

(3) 

roof. According to the geometric relation of the layers, the image

idth of the i th layer can be calculated from Eq. (3 . 1 ). 

 i (W ) = 2 ×
h −

i ∑ 

j=1 

h j 

tan ∂ 
+ S min (W ) (3.1)

Then, tan ∂can be expressed as Eq. (3 . 2 ) from the geometric re-

ation. 

an ∂ = 

2 × h 

S max (W ) − S min (W ) 
(3.2) 

If the unbalance factor is equal to 1( β = 1), the distance be-

ween each layer is equal ( h 1 = h 2 = ��� = h n + 1 ). Therefore, the sum

f the distance from the first layer to the i th layer can be expressed

y Eq. (3 . 3 ) 

i 
 

j=1 

h j = i × h 1 ( β= 1) (3.3) 

Similarly, 

 = 

n +1 ∑ 

j=1 

h j = (n + 1) × h 1 (3.4)
ent architecture for medical high-resolution images transmission 
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Fig. 1. Geometric relation and distribution example of the layer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Algorithm 1 

The LRC algorithm (Layer resolution calculation algorithm). 

Name: LRC ( S max ( W,H ), S min ( W,H ), n, i , β) 

Input: S max ( W,H ): the resolution of the image G max ; 

S min ( W,H ): the resolution of the n + 1-th image G min ; 

n : the number of layers; 

i : the i-th layer; 

β: the unbalance factor; 

Output: S i ( W,H ): the resolution of the i -th layer. 

1. begin 

2. S i ( W,H ) ← �

3. if ( β = 1) then 

4. S i ( W ) ← S max ( W ) − i × {( S max ( W ) − S min ( W ))/( n + 1)} 

5. e lse if ( β � = 1) then 

6. S i ( W ) = {( β i −βn + 1 )/(1 −βn + 1 )} × ( S max ( W ) − S min ( W )) + S min ( W ) 

7. end if 

8. S i ( H ) ← ( S i ( W )/ S max ( W )) × S max ( H ) 

9. S i ( W,H ) ← S i ( W ), S i ( H ) 

10. return S i ( W,H ) 

11. end 
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Combining Eqs. (3 . 1 )–(3 . 5 ) can be derived: 

S i (W ) = 2 × (n + 1) × h 1 − i × h 1 

2 × (n + 1) × h 1 

× ( S max (W ) − S min (W )) 

+ S min (W ) 

= S max (W ) − i × S max (W ) − S min (W ) 

n + 1 

(3.5)

If the unbalance factor is not equal to 1( β � = 1), the distance

between each layer is sized in a form of geometric progression,

and the geometric proportion is β . From the summation formula of

the geometric progression, the sum of the distance from the first

layer to the i th layer can be expressed by Eq. (3 . 6 ) 

i ∑ 

j=1 

h j = 

h 1 × (1 − β i ) 

1 − β
( β � = 1) (3.6)

Similarly, 

h = 

n +1 ∑ 

j=1 

h j = 

h 1 × (1 − βn +1 ) 

1 − β
( β � = 1) (3.7)

Combining Eqs. (3 . 1 ), 3 . (2) , 3 . (6) and 3 . (7) , Eq. (3 . 8 ) can be de-

rived: 

S i (W ) = 2 ×
h −

i ∑ 

j=1 

h j 

tan ∂ 
+ S min (W ) 

= 2 × h 1 × ( βi − βn +1 ) 

tan ∂ × (1 − β) 
+ S min (W ) 

= 

β i − βn +1 

1 − βn +1 
× ( S max (W ) − S min (W )) + S min (W ) 

(3.8)

Combining Eq. (3 . 5 ) and Eqs. (3 . 8 ), Eq. (3) can be derived: 

S i (W ) = 

⎧ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎩ 

S max (W ) − i × ( S max (W ) − S min (W )) 

n + 1 

(β = 1 , 1 ≤ i ≤ n )
β i − βn +1 

1 − βn +1 
× ( S max (W ) − S min (W )) + S min (W ) 

β � = 1 , 1 ≤ i ≤ n )

(3.9)

To ensure that the image is not deformed, the height of the i th

layer can be calculated by Eq. (4) . 

S i (H) = 

S i (W ) 

S max (W ) 
× S max (H) (4)

Algorithm 1 detailed the steps of layer resolution calculation.

The width of the layer is first calculated by Eq. (3) , as shown
Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
n lines 3-7, and then its corresponding height is determined by

q. (4) , as shown in line 8. 

.2.2. Storage structure of UIPS 

Based on Definition 1 , each pyramid can be described as a node

ith two attributes: pyramid key ( pkey ) and layer set. To record

he user’s request behaviors, we added a request attribute, which

onsists of request time and request resolution, into the pyramid

ode. Fig. 2 depicts the logical storage structure of UIPS. 

The logical storage structure is stored as XML file on server side,

nd the corresponding images are stored in the respective directo-

ies. Fig. 3 (a) details the directory structure and Fig. 3 (b) is the

orresponding XML code. 

.2.3. Generation algorithm 

Algorithm 2 depicts the detailed steps of the generation method

or UIPS, which can be divided into three steps. First, load the stor-

ge structure from the XML file (py-scheme.xml) and calculate how

any layers are needed using Eq. (1) (line 4). Then, loop through

ach layer (lines 6-12), including calculating the resolution of each

ayer ( Algorithm 1 ), creating a new layer and setting the layer in-

ormation, generating the corresponding image and storing it into

ocal disk. Finally, generate the corresponding XML code and write

t to local disk (lines 13–16). 
ent architecture for medical high-resolution images transmission 
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Fig. 2. Logical storage structure of UIPS. 

Fig. 3. Directory structure and the corresponding XML code. 

Algorithm 2 

Generation algorithm for UIPS. 

Name: GPM ( pkey, G max , S min ( W,H ), β , f xml ) 

Input: pkey : a key used to uniquely identify a pyramid; 

G max : the original image; 

S min ( W,H ): the resolution of the image G min ; 

β: the distance scale factor; 

f xml : the XML file of the storage scheme 

Output: G ,i.e., the collection of each layer image; 

f xml ,i.e., the XML file of the storage scheme 

1. begin 

2. P < pkey, Layers < G, S > > ← loadSch ( f xml ) 

3. S max ( W,H ) ← ( G max . rows,G max . cols ) 

4. n ← max ( S max ( W )/ S min ( W ), S min ( H )/ S min ( H )) 

5. Layers ( layer, S ( W, H )) ← �

6. for each i in n do 

7. S i ( W,H ) ← LRC ( S max ( W,H ), S min ( W,H ), n, i , β) 

8. G i ← shrink ( G max , S i ( W,H )); 

9. layer ← createLayer ( layerId i ,S i ( W,H ), location i ) 

10. Layers.put ( layer, S i ( W,H )) 

11. writeToDisk ( G i ,location i ) 

12. end for 

13. P.put ( pkey, S max ( W,H ), S min ( W,H ), Layers ) 

14. xml ← buildXml ( P ) 

15. writeToFile ( xml, f xml ) 

16. end 

3
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.3. Indexing scheme 

In this subsection, we first describe the logical index structure

ased on hash table and lattice. Then, we depict the indexing pro-

ess for the index structure. 

.3.1. Index structure 

We present a simple index structure by using hash table and

attice partitioning. For the convenience of description, we give the

ollowing definitions: 

efinition 5. The index structure can be represented as a triplet: 

ndexS = < pkey, L, G, LD > 

where pkey identifies the unique pyramid, L is a series of lat-

ices with different resolutions, G represents the image collection,

D defines the mapping between L and G . 

efinition 6. Lattice division maps the layers with similar resolu-

ion to a specific lattice. Before lattice division, the number of the

attices should be determined by the maximum, minimum reso-

ution, and the width of a lattice. Assuming L ( W ) represents the

idth of a lattice, obviously, the number of the lattices can be cal-

ulated by Eq. (5) . 

 = 

S max (W ) − S min (W ) 

L (W ) 
(5) 
ent architecture for medical high-resolution images transmission 
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Fig. 4. Logical structure of the indexing scheme. 
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where m presents the number of the lattices . The lattice di-

vision function divides the different resolution into a specific lat-

tice, which is a mapping function from resolution to lattice num-

ber. Similarly, the mapping function can be described as Eq. (6) .

LDF ( R i ( W ) ) = 

⌊
R i ( W ) − S min ( W ) 

L ( W ) 

⌋
(6)

where R i (W) denotes the width of the image requested by user. 

Based on the above analysis, we present an index structure that

consists of a hash table, a lattice array and a mapping function as

depicted in Fig. 4 . The hash table is used to store pyramid keys,

and the corresponding value is a lattice array that is used to record

the information of the layers. The number of the lattice can be

calculated by Eq. (5) and each lattice is mapped to an image set

and their relationships are determined by the mapping function

( Eq. (6) ). 

3.3.2. Indexing algorithm 

Indexing algorithm focuses on establishing the index structure

from the pyramid storage structure. Algorithm 3 illustrates the de-

tailed steps of the indexing process, which consists of two steps:

loading storage file (XML), creating index structure (lines 4–15),

where index create includes calculating lattice division, and writ-

ing the pkey and lattices into index structure and file. 
Algorithm 3 

Indexing algorithm. 

Name: Indexing ( f xml ,L ( W )) 

Input: f xml : the XML file that stores the pyramid structure 

L ( W ): the width of the lattice 

Output: indexS : the index structure of pyramids. 

1. begin 

2. indexS < pkey, L < array > > ← �

3. xmlTree ← loadXmlSch ( f xml ) 

4. for each pyramid node pNode in xmlTree do 

5. S max ( W ) ← pNode.getS max ( W ) 

6. S min ( W ) ← pNode.getS min ( W ) 

7. m ← ( S max ( W ) − S min ( W )) L ( W )) 

8. L < Array > ← L < array < m > > 

9. for each layer node layerNode in pNode 

10. S ( W, H ) ← layerNode.getResolution ( W, H ) 

11. k ← � ( S ( W ) − S min ( W ))/ L ( W ) � 
12. array < k > . add ( layerNode ) 

13. end fo r 

14. indexS.put ( pNode.getPkey (), L.put ( array )) 

15. end for 

16. return indexS 

17. end 
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.4. Query scheme 

Query scheme aims to query a specific image block from the in-

ex structure according to the requested parameters. For the con-

enience of description, we give the following definitions: 

efinition 7. Briefly, a typical query can be represented as: 

IB = (pkey, R (W, H) , IB ) 

where pkey identifies a unique pyramid, R ( W,H ) represents the

esolution of the requested image and IB is the description of an

pecific image block. 

efinition 8. The image block description ( IB ) can be modeled as

 four-tuple: 

B = < x, y, w, h > 

where- x and y refer to the x-axis values and y-axis values

f the upper-left of the block, respectively;- w and h refer to the

idth and height of the block, respectively. 

efinition 9. The fuzzy matching function ( FMF ), also called as

imilarity function, calculates the similarity between a given res-

lution and a candidate image. 

 MF (R (W ) , S(W )) = 

1 

1 + | R (W ) − S(W ) | (7)

where R ( W ) represents the width of a requested image and

(W) denotes the width of a candidate image. 

efinition 10. The candidate images are determined by lattice di-

ision ( Definition 6 ). The mapping function first maps the re-

uested resolution into a specific lattice. The current lattice, the

irect precursor and successor of the lattice are selected as candi-

ate lattices. Then, the images in these lattices are used as candi-

ate images. For example, when the requested image resolution is

apped to the lattice L .2, the images contained in the lattice L. 1,

. 2 , and L. 3 are selected as candidate images. 

Algorithm 4 illustrates the detailed steps of querying an image

lock, which can be divided into four steps, i.e., querying a pyra-

id (lines 2–3), selecting candidate images (lines 4–12), matching

he optimal image layer (lines 13-19), and capturing the query im-

ge block (lines 20-21). First, obtain a lattice array from a spe-

ific pyramid according to the pyramid key ( pkey ). Then, calcu-

ate the lattice to which the requested image belongs according

o Eq. (6) and get candidate images from this lattice and its di-

ect adjacent lattices. Third, using Eq. (7) to calculate the similarity

etween the requested image and each candidate image, and get
ent architecture for medical high-resolution images transmission 
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Fig. 5. System architecture and workflow. 

Algorithm 4 

Query a specific image block from the index structure. 

Name: QueryIB (pkey, R(W, H), IB) 

Input: pkey : a key is used to uniquely identify a pyramid; 

R ( W, H ): the width and height of the requested image; 

IB : the description of a specific image block 

Output: imgBlk : an image block requested by user. 

1. begin 

2. indexS ← getIndexS () 

3. L < array > ← indexS.getLattice ( pkey ) 

4. m ← ( R ( W ) − S min ( W ))/ L ( W ) 

5. CL < layers > ← �

6. if ( m > 0) then 

7. CL.put ( L.getLayers ( m − 1)) 

8. end if 

9. if ( m ≤ L.length ()-1)) then 

10. CL.put ( L.getLayers ( m + 1)) 

11. end if 

12. CL.put ( L.getLayers ( m )) 

13. similary ← 0.0, simLayer ← �

14. for each layer in the candidate images CL do 

15. sim ← 1/(1 + | R ( W ) − layer.getWidth ()|) 

16. if ( sim > similary ) then 

17. similary ← sim, simLayer ← layer 

18. end if 

19. end for 

20. simImg ← loadImg ( simLayer.getLocation ()) 

21. imgBlk ← capImgBlk ( simImg, IB ) 

22. return imgBlk 

23. end 
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Algorithm 5 

The algorithm for querying image blocks. 

Name : Query ( wadoReq ) 

Input: wadoReq : the WADO-URI request including some parameters. 

Output: imgBlk : an image block that user requested. 

1. begin 

2. contentType, studyUID, seriesUID, objectUID ← wadoReq.getParas () 

3. pkey ← md 5 Digest ( contentType ∪ studyUID ∪ seriesUID ∪ objectUID ) 

4. R ( W, H ) ← wadoReq.get ( columns, rows ) 

5. IB ← wadoReq.getRegion () 

6. imgBlk ← QueryIB ( pkey, R ( W, H ), IB ) 

7. if ( imgBlk is null) then 

8. dcmFile ← downLoad ( studyUID, seriesUID, objectUID ) 

9. G max ← convertToImg ( dcmFile ) 

10. f xml ,S min ( W,H ), β , L ( W ) ← getFromConfig () 

11. GPM ( pkey, G max , S min ( W,H ), β , f xml ) 

12. Indexing ( f xml ,L ( W )) 

13. imgBlk ← QueryIB ( pkey, R ( W, H ), IB ) 

14. end if 

15. return imgBlk 

16. end 
n image with the highest similarity. Finally, capture the requested

mage block on the highest similarity image. 

. System description 

Fig. 5 shows the proposed system architecture and workflow,

hich supports querying, downloading, conversion and interactive

isualization of DICOM images. The prototype system (SmartDWS)

ased on the proposed architecture is an upgrade and extension of

ur previous work SmartWADO [31] , which consists of three core
Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
omponents: (1) QIDO-RS service searches for studies, series, and

nstances that match specified search parameters; (2) WADO-URI

ervice focuses on downloading the DICOM file and parsing the

riginal image; (3) Pyramid service is an optimization component

or RHIs transmission and rendering. 

This paper focuses on describing the pyramid service that has

een added to the SmartDWS as a new feature. As shown in Fig. 5 ,

yramid service consists of generating service, indexing service,

nd query service. Generating service creates the UIP and stores

he corresponding structure and the images of each layer, index-

ng service is responsible for creating and maintaining the index

tructure and files, and query service focuses on querying a spe-

ific image block from the index structure. 

In Fig. 5 , given a WADO-URI request, the system returns a spe-

ific image block to mobile client. Formally, Algorithm 5 illus-

rates the execution process of the user request. On receiving the

equest, the QIDO-RS service will parse the parameters content-

ype, studyUID, seriesUID, objectUID, columns, rows and region that
ent architecture for medical high-resolution images transmission 
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Table 3 

The detailed description of test cases and dataset. 

Test case 

Original image 

size (MB) 

Image resolution 

(pixel) 

Number 

of layers 

Total storage size (MB) 

PNG JPEG 

C. 1 6.1 1723 × 1857 7 7.0 3.6 

C. 2 8.4 1544 × 2863 13 18.5 11.3 

C. 3 10.2 1788 × 3001 13 17.2 8.9 

C. 4 12.0 2157 × 2928 13 19.1 8.2 

C. 5 14.4 2891 × 2615 13 23.4 12.3 

C. 6 18.2 2800 × 3408 15 35.1 15.6 

Original image format: DICOM Unbalance factor: β = 1.05 G min is 256 × 256 
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defined in WADO-RUI model and the union of contentType,

studyUID, seriesUID and objectUID is digested as a uniform 16-

bit character by MD5 algorithm as the pyramid key (lines 2-3).

Then, the query service will first query the image block by using

Algorithm 4 (lines 4-6). As shown in lines 7–14, if the image block

is null, the WADO-URI service will be triggered to send C-MOVE

or C-GET request to download the DICOM file from PACS and con-

vert it to an original image. On receiving the image, the generat-

ing service and indexing service will generate an UIP and updating

the index structure and file. Finally, the requested image block is

captured and returned to the mobile client with an HTTP response

containing the image in a proper Multipurpose Internet Mail Ex-

tension (MIME) type such as PNG or JPEG. 

5. Results and discussion 

5.1. Environment 

Our experimental environment consists of two servers (Lenovo

System X3650 M5, Xeon E5@2.1 GHz with 32GB of RAM)

with Windows server 2012R, a laptop (Intel® Core TM i7-

7700HQ@2.80 GHz with 16 GB of RAM) with Windows 10 Pro,

a smartphone (HUAWEI Mate10, Kirin 970 with 6GB of RAM and

128 GB ROM) with Android OS v8.0, and a 4G wireless (600Mbps)

router and a gigabit switch. 

One server is used to deploy SmartDWS and the other servers

deployed an open source PACS (DCM4CHEE-ARC-5.4.1-MYSQL) [42] ,

MySQL database and ApacheDS [43] . They are connected by the gi-

gabit switch for high-speed transmission of DICOM file. The router

provides a Wi-Fi network for achieving high-speed transmission of

DICOM file between smartphone and SmartDWS. The connection

between the two servers is under 1Gbps network, and the band-

width between smartphone and SmartDWS is under 600 Mbps in
the Wi-Fi network. U

Table 4 

The size of the each layer (pixel) of test case C. 6 (2800 × 3408, 15 l

UIPS 

Layer index β = 0.80 β = 0.95 β = 1.00 β

L.0 2800 × 3408 2800 × 3408 2800 × 3408 28

L.1 2268 × 2760 2552 × 3106 2619 × 3187 26

L.2 1843 × 2243 2316 × 2818 2437 × 2966 25

L.3 1502 × 1828 2092 × 2546 2255 × 2744 23

L.4 1229 × 1495 1879 × 2287 2074 × 2524 22

L.5 1011 × 1230 1677 × 2041 1892 × 2302 20

L.6 837 × 1018 1485 × 1807 1710 × 2081 19

L.7 698 × 849 1303 × 1585 1528 × 1859 17

L.8 586 × 713 1129 × 1374 1347 × 1639 15

L.9 497 × 604 964 × 1173 1165 × 1417 13

L.10 425 × 517 808 × 983 983 × 1196 11

L.11 368 × 447 659 × 802 802 × 976 95

L.12 322 × 391 518 × 630 620 × 754 73

L.13 286 × 348 384 × 467 438 × 533 50

L.14 256 × 311 256 × 311 256 × 311 25

Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
.2. Experimental case description 

The experimental data set is a real data set containing 6860

R studies that are stored in the open source PACS. We select 6

tudies with different resolutions from the data set to evaluate the

roposed approach. Table 3 describes the original image size, reso-

ution, number of layers, and total size of the corresponding image

yramid for each test case. 

.3. Evaluation Metrics 

In this paper, the average response time is used to evaluate the

erformance of model generation, indexing, and image block query,

hich is calculated by Eq. (8) . The standard deviation is used to

valuate the stability of the performance, which is calculated by

q. (9) . 

 v g(t) = ( 
1 

n 

n ∑ 

1 

(tim e i /coun t i )) (8)

D = 

√ 

1 

n 

n ∑ 

1 

[ ( tim e i /coun t i ) − A v g ( t ) ] 
2 

(9)

here n represents the number of tests, time i denotes the response

ime of the i th test, count i indicates the number of result sets

studies, series, instances or images) for i th test, SD presents the

tandard deviation of the response time. 

.4. Layer distributions of UIPS 

The purpose of this experiment is to evaluate the effectiveness

f the UIPS, which is testified by using the test case C.6. The layer

istributions with different factors are shown in Table 4 by com-

aring the image resolutions between the UIPS and that of the

RPS [7] and TIPS. 
ayers). 

= 1.05 β = 1.2 URPS[7] TIPS 

00 × 3408 2800 × 3408 2816 × 3456 2800 × 3408 

71 × 3250 2758 × 3356 1408 × 1792 1400 × 1704 

34 × 3084 2706 × 3293 1024 × 1152 700 × 852 

91 × 2910 2644 × 3218 768 × 896 350 × 426 

41 × 2727 2570 × 3128 640 × 768 175 × 213 

83 × 2535 2481 × 3019 512 × 640 - 

18 × 2334 2374 × 2889 - - 

44 × 2122 2245 × 2732 - - 

61 × 1899 2091 × 2545 - - 

69 × 1666 1907 × 2321 - - 

68 × 1421 1685 × 2050 - - 

6 × 1163 1419 × 1727 - - 

4 × 893 1099 × 1337 - - 

1 × 609 716 × 871 - - 

6 × 311 256 × 311 - - 

ent architecture for medical high-resolution images transmission 
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Fig. 6. Layer distributions of UIPS (different factors ( β)), URPS and TIPS. 

Table 5 

The results of aspect ratio and total zoom ratio of each layer. 

Aspect ratio (AR) and its deviation (DEV) from the original image Total zoom ratio (%) 

UIPS (%) 

β = 0.95 β = 1.00 β = 1.05 URPS[7] (%) TIPS (%) UIPS 

Layer index AR DEV AR DEV AR DEV AR |DEV| AR DEV β = 0.95 β = 1.00 β = 1.05 URPS[7] TIPS 

L.0 82.16 0.00 82.16 0.00 82.16 0.00 81.48 0.68 82.16 0.01 100.00 100.00 100.00 101.99 100.00 

L.1 82.16 0.00 82.18, 0.02 82.18 0.02 78.57 3.59 82.16 0.00 83.07 87.47 90.97 26.22 25.00 

L.2 82.19 0.03 82.16 0.00 82.17 0.01 88.89 6.73 82.16 0.00 68.39 75.75 81.90 12.36 6.25 

L.3 82.17 0.01 82.18 0.02 82.16 0.00 85.71 3.55 82.16 0.00 55.82 64.84 72.91 7.21 1.56 

L.4 82.16 0.00 82.17 0.01 82.16 0.00 83.33 1.17 82.16 0.00 45.03 54.86 64.04 5.15 0.39 

L.5 82.17 0.01 82.19 0.03 82.18 0.02 80.00 2.16 - 35.87 45.64 55.34 3.43 - 

L.6 82.18 0.02 82.17 0.01 82.17 0.01 - - 28.12 37.29 46.91 - - 

L.7 82.21 0.07 82.19 0.03 82.17 0.01 - - 21.64 29.77 38.78 - - 

L.8 82.17 0.01 82.18 0.02 82.16 0.00 - - 16.26 23.14 31.06 - - 

L.9 82.18 0.02 82.22 0.06 82.16 0.00 - - 11.85 17.30 23.90 - - 

L.10 82.20 0.04 82.19 0.03 82.20 0.04 - - 8.32 12.32 17.39 - - 

L.11 82.17 0.01 82.17 0.01 82.27 0.11 - - 5.54 8.20 11.65 - - 

L.12 82.22 0.06 82.23 0.07 82.20 0.04 - - 3.42 4.90 6.87 - - 

L.13 82.23 0.07 82.18 0.02 82.20 0.04 - - 1.88 2.45 3.20 - - 

L.14 82.32 0.16 82.32 0.16 82.32 0.16 - - 0.83 0.83 0.83 - - 

Average 82.19 0.03 82.19 0.03 82.19 0.03 83.00 2.98 82.16 0.00 - - - - - 

Standard deviation 0.04 0.04 0.04 3.82 2.19 0.00 - - - - - 
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Fig. 7. Layer storage size of PNG image. 
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From Table 4 , we get the layer distribution curve with differ-

nt unbalance factor ( β), URPS and TIPS with 4 × ratio zooming as

hown in Fig. 6 . 

As shown in Section 3.2 , different unbalance factors ( β) gen-

rate different layer distributions. From Table 4 and Fig. 6 , when

� = 1, the each layer of image size is increased in an unbalanced

atio scale and the resolutions are completely consistent with the

esult from Eq. (3) . For different unbalance factors ( β), when β = 1,

he image layers are distributed in equal proportions, when β >

, the larger the β , the more the number of high-resolution lay-

rs, when 0 < β < 1, the smaller the β , the more the number

f low-resolution layers. Compared with the URPS and UIPS, URPS

nd TIPS with 4 × ratio zooming has fewer layers. However, in clin-

cal practice, many doctors usually have the reading habits of un-

alanced zoom ratio [7] . Therefore, compared with URPS and TIPS,

IPS is more flexible and more in line with clinical application

abits. 

To further evaluate each layer image, we performed statistics

nd analysis on the aspect ratio and total zoom ratio of each layer.

rom Table 4 , the results of aspect ratio and total zoom ratio of

ach layer are shown in Table 5 . 

From the aspect ratio and its deviation from the original image

n Table 5 , TIPS does not deform each layer during image shrink-

ng, UIPS shows slight deformation, and URPS deforms the most.

s we have known, TIPS is strictly scaled-down. The images in UIPS

nd URPS are deformed due to rounding when calculating the layer
Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
esolution. Due to the different methods, URPS produced more de-

ormation. 

.5. Layer image storage space 

The purpose of this experiment is to compare the storage space

f UIPS, URPS and TIPS. The storage space with different unbalance

actors are shown in Figs. 7 and 8 by comparing the total storage

pace between UIPS and that of URPS and TIPS. 

Compared with the JPEG image, PNG image takes up more stor-

ge space, because the JPEG image has a higher compression ratio
ent architecture for medical high-resolution images transmission 
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Fig. 8. Layer storage of JPEG image. 

Fig. 9. Average generation time for PNG image. 

Fig. 10. Average generation time for JPEG image. 
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and takes up less storage space with the same resolution. Com-

pared with TIPS and URPS, UIPS occupies more storage space be-

cause it generates more layers, which will inevitably take up more

storage space. The storage space of UIPS reveals a general trend

of a slight rise with the increase of the unbalance factor ( β). The

reason is that the storage space is related to the layer image distri-

bution. With the increase of β , more images are ggenerated in the

high-resolution area as shown in Table 4 and Fig. 6 . 

5.6. Performance analysis 

5.6.1. Average response time of generation 

In this experiment, we test the average generation time by us-

ing the above-mentioned test cases and unbalance factors, respec-

tively. The average generation time with different β is shown in

Figs. 9 and 10 by comparing the time between UIPS and that of

URPS and TIPS (15 runs of each test case). To further analyze the

stability of the generation time, the standard deviation of genera-

tion time for PNG and JPEG image is calculated as shown in Fig. 11 .
Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici
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From Figs. 9 and 10 , the average generation time reveals a gen-

ral trend of a slight rise with the increase of image size. The

eason is that we need to parse and convert the DICOM file to a

pecific image format with different resolutions in real-time. Ob-

iously, the larger the source DICOM size, the longer the parsing

nd conversion time. The generation time of UIPS reveals a gen-

ral trend of a slight rise with the increase of the β . With the in-

rease of β , more layer images are generated in the high-resolution

rea, and parsing and converting high-resolution images will take

onger. In addition, the generation time of TIPS and URPS is slightly

ower than that of UIPS because UIPS need to generate more lay-

rs. As shown in Fig. 11 , UIPS, URPS, and TIPS have similar stability.

esides, the generation time of JPEG image has similar stability to

NG image. 

.6.2. Average response time of indexing 

The purpose of this experiment is to compare the index time by

sing the above-mentioned test cases and different β , respectively.

his index time refers to creating a new index and adding it to the

enerated index file. Figs. 12 and 13 depict the average index time

20 runs of each test case) and the trends from UIPS, URPS and

IPS. 

From Figs. 12 and 13 , the index time is not related to the image

ormat and it reveals a general trend of a slight rise with the in-

rease of the β . In general, both UIPS, URPS and TIPS can build in-

exing structure and index file in real-time ( < = 8ms). The reason

s that we only need to divide different resolutions into a specific

attice and establish a mapping between the resolution and the lat-

ice. This process is done in memory and is independent of image

arsing and conversion. In addition, the index files are updated in

 new thread. 

.6.3. Average response time of query 

To fully test the query performance, we first test the response

ime of querying an image block from a specific layer (15 runs

f each case). Table 6 presents the average response time and its

tandard deviation of querying an image block from different de-

ices and image formats. 

In Table 6 , in each test, UIPS, URPS and TIPS have similar

erformance and stability. The response time of first querying is

uch higher than that of second querying, that is because the first

uerying needs to generate a pyramid model from the source file

nd build indexing scheme, which is relatively time-consuming.

esides, in most tests, the average response time on the laptop is

ess than that on the smartphone and the query stability on the

aptop is slightly higher than that on the smartphone. One reason

s that the performance of the laptop is stronger than that of the

martphone, another reason is the laptop runs on a wired network

nd the smartphone runs on a wireless network. The transmission

erformance and stability of the wired networks are superior to

hose of the wireless networks in our experimental environment. 

To further analyze the performance, Table 7 depicts the advan-

age of UIPS compared with the entire transmission. The Ratio in

able 7 shows that for the same medical image, UIPS delivers much

ess amount of data, and also saves response time. 

To evaluate the performance of querying specific image blocks

rom different layers, we test the response time of querying a spe-

ific image block from each layer by using test case C.6 (runs 15

f each case). Table 8 presents the query time when the user con-

inuously zooms in on an image and display an image block in a

pecific view area. 

From Table 5 , as the increase of the resolution, the query time

ppears a general trend of a slight rise. The UIPS URPS and TIPS

ave similar query times when querying specific image block from

imilar layer resolution. 
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Fig. 11. Standard deviation of average generation time for PNG image. 

Table 6 

Average response time and its standard deviation of querying an image block. 

AT. FQ & SD (ms) AT. SQ & SD (ms) 

UIPS URPS TIPS UIPS URPS TIPS 

Test cases Image format QIBS (pixel) Devices AT SD AT SD AT SD AT SD AT SD AT SD 

C. 1 PNG 421 × 453 Laptop 298 23.23 290 24.14 290 26.16 32 8.96 34 9.88 36 9.01 

Smartphone 312 32.12 284 35.64 298 24.54 35 9.12 38 10.23 42 10.99 

C. 2 PNG 428 × 794 Laptop 322 24.52 320 23.35 318 24.38 50 9.32 56 9.45 58 9.36 

Smartphone 318 33.41 335 31.89 332 29.69 55 9.88 62 9.96 65 10.23 

C. 3 PNG 495 × 830 Laptop 310 33.49 328 31.24 319 32.26 51 8.98 63 8.99 62 8.92 

Smartphone 328 32.82 346 38.76 335 38.88 58 9.63 62 10.12 73 9.35 

C. 4 JPEG 595 × 808 Laptop 365 33.51 378 32.89 378 33.19 46 10.56 63 10.23 64 10.12 

Smartphone 359 39.83 389 39.12 389 37.12 42 12.33 74 11.98 72 11.32 

C. 5 JPEG 795 × 719 Laptop 365 35.12 429 40.12 429 39.14 56 10.67 69 10.99 72 9.91 

Smartphone 443 42.84 432 45.32 432 42.38 64 11.12 82 12.32 81 10.56 

C. 6 JPEG 794 × 966 Laptop 550 45.78 548 46.97 548 46.17 67 12.34 79 11.98 81 10.29 

Smartphone 591 58.96 623 48.19 623 52.19 84 14.58 83 13.12 74 12.38 

- Viewing area (pixel): Laptop (768 × 512), Smartphone (512 × 512) 

- Query layer: 4 

- Unbalance factor: β = 1.05 

- QIBS: Query image block size 

- AT. FQ: Average time of the first query 

- AT. SQ: Average time of the second query 

- AT: Average time 

- SD: Standard deviation 

Table 7 

Statistical results compared to the original image transmission. 

Radio (# V.S. OHRI) 

Test cases Image format OHRI (MB) QIBS (pixel) ATD (MB) Devices AT. OHRI (seconds) AT. FQ AT. SQ ATD 

C. 1 PNG 3.21 421 × 453 0.18 Laptop 3.89 1: 13.1 1: 121.6 1: 17.8 

Smartphone 4.18 1: 13.4 1: 119.4 

C. 2 PNG 7.57 428 × 794 0.26 Laptop 8.43 1: 26.2 1: 168.6 1: 29.1 

Smartphone 8.98 1: 28.2 1: 163.3 

C. 3 PNG 5.41 495 × 830 0.29 Laptop 6.54 1: 21.1 1: 128.2 1: 18.7 

Smartphone 7.71 1: 23.5 1: 132.9 

C. 4 JPEG 2.38 595 × 808 0.05 Laptop 3.89 1: 10.7 1: 84.6 1: 47.6 

Smartphone 4.18 1: 11.6 1: 99.5 

C. 5 JPEG 2.65 795 × 719 0.06 Laptop 5.37 1: 14.7 1: 95.9 1: 44.2 

Smartphone 6.12 1: 13.8 1: 95.6 

C. 6 JPEG 3.14 794 × 966 0.06 Laptop 4.28 1: 7.8 1: 63.9 1: 52.3 

Smartphone 5.17 1: 8.7 1: 61.5 

- Viewing area (pixel): 512 × 512 

- Query layer: 4 

- Unbalance factor: β = 1.05 

- QIBS: Query image block size 

- ATD: Amount of data per transmission (average value) 

- OHRI: Original high-resolution image 

- AT. OHRI: Average response time of query OHRI 

- AT. FQ: Average time of the first query 

- AT. SQ: Average time of the second query 

5

 

l  

q  

t  

t  

b

 

a  

w  

m  
.7. Effect of magnifying image block 

To evaluate the effect of magnifying image block from different

ayers on the mobile client, we test the magnified image block that

ueried from each layer by using test case C.6. The Fig. 14 shows

he comparison of the result between UIPS, URPS and TIPS when
Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
he user continuously zooms in on an image and display an image

lock with view area resolution of 512 × 512. 

From the results, the amplification of UIPS was smoother and

voided a very low resolution at the top layer when compared

ith the URPS and TIPS. The reason is that the UIPS distributes

ore layers between the minimum resolution and the maximum
ent architecture for medical high-resolution images transmission 
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Table 8 

Average query time on each layer from smartphone and different formats. 

Query time (ms) 

Pyramid scheme Image format L.0 L.1 L.2 L.3 L.4 L.5 L.6 L.7 L.8 L.9 L.10 L.11 L.12 L.13 L.14 

UIPS PNG 98 94 93 92 84 76 71 65 58 50 40 28 21 12 3 

JPEG 80 75 72 65 60 57 55 48 45 35 32 21 16 7 2 

URPS PNG 83 48 32 18 14 8 - - - - - - - - - 

JPEG 78 45 32 16 12 6 - - - - - - - - - 

TIPS PNG 74 32 14 10 5 - - - - - - - - - - 

JPEG 68 28 12 11 6 - - - - - - - - - - 

- Query image resolution (pixel): 512 × 512 

- Average image block size: 128KB (PNG), 66KB (JPEG) 

Fig. 12. Average index time for PNG image. 

 

 

 

Fig. 13. Average index for JPEG image. 

y  

t  

b  

n  

o  

a  

i  
resolution and there are more layers can be matched during zoom-

ing. 

5.8. Discussion 

Some architectures and methods based on image pyramid have

been proposed to optimize medical HRIs transmission in recent
Fig. 14. Image block display res

Please cite this article as: L. Liu, L. Wang and Q. huang et al., An effici

in mobile telemedicine systems, Computer Methods and Programs in B
ears. For example, paper [ 22 , 27 , 28 , 32 , 35 ] improve the re-

rieval, transmission and accessing performance of medical images

y generating typical image pyramid and a tile-pyramid model

amed unbalanced ratio pyramid structure (URPS) [7] . The meth-

ds based on TIPS has fewer layers, the layer distribution is fixed

nd most cases are used for extremely large scale image shar-

ng with 4 × ratio zooming. For the URPS, the number of layers is
ults of the UIPS and TIPS. 
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enerated based on rules and the layer distribution is fixed when

he source image resolution is determined. Compared with the

bove methods, our approach provides the following advantages.

1) The first advantage stems from the image layering method

ased on geometric relation. As shown in Tables 4 and 5 and Fig. 6 ,

he method can automatically generate different layer distributions

y adjusting an unbalance factor ( β). Such distributions more con-

orm to the reading habits of unbalanced zoom ratio in clinical

ractice. Although this method generates more images and takes

p more storage space, it still has the advantages of fast calcula-

ion and simple implementation. (2) The second advantage is that

e present an indexing structure and algorithm based on hash ta-

le and lattice partitioning. It has the advantages of simple struc-

ure, fast index, and a small amount of stored data, easy stor-

ge and implementation as shown Figs. 4 , 12 and 13 . The index-

ng process can be done in memory and is independent of image

arsing and conversion. (3) The third is that we present an image

lock query method based on similar matching, which can quickly

atch a specific image block from the index structure and pyra-

id layer as shown in Tables 6 –8 ). As depicted in Fig. 14 , from the

erspective of the effect of magnifying image block when the user

ontinuously zooms in on an image, the image block can be ren-

ered more smoothly and avoids a very low resolution at the top

ayer. (4) Furthermore, DICOMweb service standard has not been

ully considered in the above methods, our prototype system is

ully compliant with DICOM standard [38] , including DICOMweb

39] service and data formats, which can be seamlessly integrated

ith other existing medical systems or mobile applications, and

sed in various scenarios such as diagnosis, research, and educa-

ion. 

Certain limitations of this study should be mentioned. The un-

alance factor is determined according to the user’s requirements,

hich requires the user to fully understand the layer generation

ethod, thereby reducing the convenience of the system to a cer-

ain extent. If the unbalance factor is configured unreasonably, the

ystem will generate some very sparse layers and some very dense

ayers. The former may result in the requested image not being

ptimally matched, the later may result in the redundancy of the

torage, thereby increasing the system overhead of the generation,

torage, indexing, and querying. 

. Conclusion and future works 

This paper presents an efficient architecture for optimizing

edical HRIs transmission and rendering in mobile telemedicine

ystems. A new generation, index and query approach of the im-

ge pyramid scheme in this architecture is proposed. Compared

ith the existing approaches, this paper provides the following ad-

antages: (1) We present a novel image layering method based on

eometric relation, which can generate different layer distributions

y adjusting an unbalance factor ( β); (2) We design a simple index

tructure and efficient indexing algorithm based on hash table and

attice partitioning to improve the query efficiency of image blocks;

3) We devise a query scheme based on similar matching, in which

he query image block can be matched in real-time; (4) The proto-

ype system is fully compliant with DICOM standard, which can be

eamlessly integrated with other existing medical systems or mo-

ile applications and used in various scenarios such as diagnosis,

esearch, and education. 

For the future, we suggest extending this work in the follow-

ng directions: The first is that we attempt to automatically deter-

ine the optimal unbalance factor by machine learning techniques

o enhance the convenience of using this system. To further reduce

mage storage space and improve indexing and query efficiency, we

ill attempt to automatically remove invalid layers using a redun-

ant layer detection mechanism. 
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