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Introduction:  Since 2006 the High Resolution Im-

aging Science Experiment (HiRISE) onboard the Mars 
Reconnaissance Orbiter (MRO) has returned over 
32,500 images of the surface of Mars at ~0.25 m/pixel 
spatial sampling [1]. Three-band visible/near-infrared 
color and greyscale HiRISE images have proved  sci-
entifically useful in mapping of the compositional stra-
tigraphy and enable better interpretations of  Mars ge-
ology [2], especially when linked with other datasets 
(e.g. the Compact Reconnaissance Imaging Spectrome-
ter for Mars, CRISM). But single HiRISE image foot-
prints are “postage stamps” (covering typically only 
6x18km) with color images covering even less 
(0.6x18km), thus making regional-scale scientific in-
terpretations challenging. To enable mapping over a 
wider swath of the Martian surface, robust and seam-
less mosaicking techniques are required. 
 We present a near-automated method to produce 
high-quality and near-seamless, color and greyscale 
HiRISE image mosaics—based on extended and cus-
tomized ISIS3 control networks and bundle adjustment 
process [3,4,5]. 

The standard method for HiRISE single image pro-
cessing is well-documented and the processing chain is 
well-worn having been applied to over 32K images [5]. 
ISIS-based calibration, noise-removal and attachment 
of SPICE data (spacecraft pointing and 
attitude information) is followed by 
stitching each pair of RED/color CCDs 
into a strip [6]. The hijitreg ISIS3 pro-
gram is then used to mosaic/stitch the 
10 RED (or 2 color) image strips to-
gether using detailed knowledge of 
HiRISE camera geometry and layout. 
This step resamples the individual 
CCD strips to align them and retains 
the SPICE metadata which is then used 
to project imagery from camera coor-
dinates to map (ground) coordinates via 
ISIS. Prior to map projection, it is also 
possible to carry out a bundle adjust-
ment on the images via the ISIS jigsaw 
application. Once mapped to ground 
coordinates, multiple HiRISE images 
must then be mosaicked by hand or via 
some other post-production process. 
Often map-projected HiRISE images 
are hundreds of meters misaligned and 
require hours of hand-tweaking to pro-
duce an acceptable mosaic.  Further-
more, images taken from different look 
angles can have visible parallax effects, 

making fine-scale alignment post projection difficult. 
New Method: The proposed method incorporates 

two new key developments into the processing chain: 
1) the generation of multiple control networks, custom-
ized to the image type and data overlap, designed to 
bring various aspects of the images into alignment and 
2) a custom iterative implementation of the ISIS jigsaw 
process that step-wise reduces the residual mis-
registration error in the bundle adjustment. An over-
view of the method is listed in Table 1. This new tech-
nique simultaneously aligns the CCDs, color channels, 
and multiple HiRISE images and lays the groundwork 
for more straightforward multi-image mosaicking. It 
also eliminates the use of the hijitreg application which 
reduces the number of times the images are resampled. 

An ISIS control network is a set of registration 
measurements made on a grid between overlapping 
sections of two images. The algorithm will try to find 
matching image chips (small image segments) between 
the images based on the defined grid and chip size and 
search window [6]. It will match a pattern chip in one 
image to the closest pattern chip in the other image in a 
search window. In the multiple HiRISE image mosa-
icking problem, we produce two types of networks for 
grey images and one more (a total of three) for color. 
Table 2 details all settings for the various control net-

Figure 1: Mosaic of two HiRISE grey images (ESP_033641_2200 and PSP_009708_2205) 
from Acidalia planitia. Along nearly 50% of the seam, the residual errors are less than a 
meters while in some parts of the mosaic they reach 10 meters or more. This is a significant 
improvement over other techniques that usually yield residual errors of hundreds of meters. 
With a final Davinci mosaicking step, the mosaic is continuous and near-seamless. 
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works. 
Stitch Network: is designed to measure the misa-

lignment of the 10 adjacent and overlapping RED 
CCDs (for instance RED0 to RED1) or two for color 
HiRISE. Since the overlap area is relatively small and 
the misalignment between adjacent CCDs is also typi-
cally only a few pixels, this network is defined to have 
a very high density grid and small search window. This 
network of measurements will act to stitch the CCDs 
together. 

Cross Network: is designed to align multiple 
HiRISE images together. Images may initially be misa-
ligned by 100s, even 1000s of meters. However, be-
cause the images typically have a significant fraction 
of overlap, this network needs to have much sparser 
density and its search windows must be very large. The 
“reduction” factor in the pointreg application is har-
nessed in this network to keep processing times to a 
reasonable level. This network ties together as many 
HiRISE images as exist and overlap in the given data 
set. To successfully apply this method, all images in 
the data set must be inter-connected. 

Color Network: For color HiRISE images, one ad-
ditional network is required to align the three color 
channels. The IR-BG-RED channels are only slightly 
misaligned and have near 100% overlap, so network 
can be moderately sparse and its search window rela-
tively small. To avoid color fringes in the final mapped 
HiRISE images, it is critical that this network’s meas-
urements are not adjusted significantly during the bun-
dle adjustment process, which is accomplished by set-
ting all “color network” measurements to “con-
strained.” 

Once all the networks are defined and the pointreg 
measurements are made, the individual control net-
works are merged together into a single network. This 
network is then passed to an iterative ISIS jigsaw bun-
dle adjustment algorithm. Despite the customization of 
the pointreg measurements, many measurements will 
still yield large alignment errors/residuals. The itera-
tive bundle adjustment process eliminates these spuri-
ous measurements in a step-wise fashion by excluding 
them from the network based on a given residual 
threshold at each jigsaw iteration. Typically, the first 
iteration will eliminate all measurement whose residual 
is greater than 10 meters, then 5 and then 1 meter. This 
process tends to keep the network of images inter-
connected and allows jigsaw to converge more easily 
and with more images at every step. An unlimited 
number of iterations are possible but our experience 
shows that three are typically sufficient. As the number 
of images in the data set increases, the iterations may 
also be increased as well as the minimum residual 
threshold.  

Once the bundle adjustment iterations are completed 
and jigsaw has converged, the SPICE kernels in all the 

images are updated and all the images are map-
projected, equalized and mosaicked. 

This method bypasses the hijitreg processing step 
and so requires only one resampling (as opposed to 
two) and enables the simultaneous mosaicking of mul-
tiple map-projected HiRISE grey and/or color images.  
Figure 1 shows an example mosaic of two grey 
HiRISE images over Acidalia Plaitia processed with 
this technique described here.With increasing number 
of images in a data set, errors in spacecraft navigation 
and attitude is compounded and the iterative bundle 
adjustment process may yield alignment errors in some 
parts of a multi-image HiRISE mosaic. Some misalig-
ment errors may reach up to 10 meters. The Davinci 
image processing software ([6], http://davinci.asu.edu) 
has a powerful suite of mosaicking tools that we cur-
rently employ to further decrease the effects of the last 
minor misalignments and produce continuous and 
near-seamless HiRISE mosaics. 

 

 
Table 2: control network specifics 

Network 
type 

X/Y 
Spacing 

Pattern 
Chip Size 

Search 
Chip Size 

Re-
duce 

Stitch 15x15 21x21 51x51 1 
Cross 1000x1000 251x251 3000x3000 5 
Color 250x250 21x21 51x51 1 

References: [1] McEwen, A. et al (2010) Icarus, 205, 2-37. 
[2] Delamere, W. et al. (2010) Icarus, 205, 38-52. [3] Gaddis, L. et 
al. (1997) LPS XXVIII, Abstract #1226. [4] Edmundson, K.L. et al., 
(2012) XXII ISPRS Congress, Vol I-4. [5] Anderson, J.A. et al. 
(2004), LPS XXXV, Abstract #2039. [6] Becker, K, J., et al., (2007), 
LPS XXVIII, Abstract #1779. [7] Edwards, C. E. et al., (2011), JGR, 
116 (E10), E10008. 

Table 1: HiRISE Processing Steps. ISIS applications are 
listed in parentheses  
1. Download HiRISE images from PDS website 
2. Convert to ISIS format (hi2isis) 
3. Perform radiometric calibration (hical) 
4. Stitch the channel files together into single CCD files (his-

titch) 
5. Attach SPICE information (spiceinit) 
6. Generate ISIS3 control networks (pointreg) 

a. Fine-scale to stitch image strips (“stitch”) 
b. Large-scale for multiple images (“cross”) 
c. [color only] Medium-scale to sub-pixel align IR-BG-

RED (“color network”) 
7. [color only] Convert “color network” from “free” to “con-

strained” (cnetedit) 
8. Merge all pointreg networks (cnetmerge) 
9. Apply iterative ISIS3 bundle adjustment (jigsaw) process to 

reduce all errors < 1 pixel 
10. Update spice kernels (spicefit) 
11. Map-project all images (cam2map) 
12. Equalize each image (cubenorm) 
13. Mosaic all images (Davinci) 
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